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PBEFACE TO THE FOURTH EDmON. 



The third edition of the Tbeatise on Warbong 
AND Ventiiating Buildings having been for some 
time out of print, it ha43 become necessary to 
prepare a Foueth Edition to meet the inquiries 
made for it ; as this still continues to be the only 
work which treats at large upon the principles of 
heating buildings by Hot Water, and the general 
application of this invention to the numerous and 
varied purposes to which it is applicable. 

Other authors, indeed, have availed themselves 
somewhat too largely of the pages of this Treatise, 
and without permission have transferred not only 
whole paragraphs, but very many entire pages, to 
their own works ; and that too, with only such 
partial acknowledgment that many of the parts 
so borrowed have been quoted as the production 
of the borrower, without recognition of the real 



IV PREFACE, 

author. As the originality of some parts of the 
following Treatise might, therefore, appear doubt- 
ful to those who now read them here for the first 
time, it may be well to state that the first edition 
of this work was published in 1837, and that, 
though greatly enlarged in the later editions, the 
original parts remain exactly as they were written 
in the first edition ; and the lapse of time has not 
rendered it necessary to alter them in the slightest 
degree, as they are still as correct, and as much 
to the purpose, as when they were first written. 

The present edition will be foimd to contain 
some considerable and usefdl additions. They 
are almost entirely of a practical character, being 
principally additional remarks on such parts of 
the subject as have either occurred to the Author, 
or have been pointed out as requiring further ex- 
planation. But it has also been thought desirable 
to add, to this present edition, two additional 
chapters on heating by Steam and by Hot Air. 
The utility of these additions will be evident when 
it is remembered that no Treatise on these sub- 
jects has been published for many years; and 
what was formerly published thereon has now 
long been out of print. It has therefore been 
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deemed advisable to add to this Treatise such 
infonuation on heating by Steam and by Hot 
Air, as shall place the whole subject of warming 
and ventilating buildings by the various methods 
now in use ftdly before the reader. 

The great object which has been kept in view 
in this work has been to render the subject as 
simple and as practical as possible ; and with this 
view many things have been thrown into notes, 
which might otherwise have properly formed a 
portion of the text. But by this means the work 
is rendered more useful to practical men, who 
require only simple facts in the most concise 
form; while for those who desire further to in- 
vestigate the subject, the copious references given 
in the notes will facilitate their inquiries, and 
enable them to test the correctness of the reason- 
ing on which the conclusions are founded. 

The earlier editions of this work contained 
various papers by the author, some of which have 
been published in the Encychpcedia MetropoUtana^ 
and others have been read before the Institution 
of Civil Engineers, and the Society of Arts : and 
it has been thought desirable still to retain in the 
present edition these several papers, as they all 
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relate to subjects bearing intimately on the general 
question of warming and ventilating buildings, 
and therefore they possess an interest for all who 
desire to investigate the scientific principles of 
the subject which forms the main object of this 
work. 

C. H. 

Ieon Whabf, Earl Street, Blackfriars, 
London, January^ 1869. 
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The practice of employing hot water, circulating 
through iron pipes, for diflfiising artificial heat, is 
an invention of acknowledged utility; and the 
present extensive and extending use of this in- 
vention renders it extremely desirable that its 
principles should be clearly defined, and the rules 
for its practical application laid down with pre- 
cision. Without this knowledge its success will 
be uncertain, its application limited, and its re- 
sults unsatisfactory. 

It can scarcely excite surprise, that prejudices 
should formerly have existed against this inven- 
tion, while its merits and its principles were alike 
imperfectly known. Even at the present time 
they are but partially imderstood; and, there- 
fore, to investigate these two subjects is the pro- 
posed object of the present treatise, with the view 
of facilitating its application, and extending the 
sphere of its utility. 

There is scarcely any branch of science, or of 
art, in which an acquaintance with the laws of 
Nature does not enable us to derive greater ad- 
vantages in its application than we could other- 
wise possess. There is no art, however humble, 
in which a knowledge of the laws that regulate 
matter does not open a wide and extensive field 
of useful improvement ; and no man can hope to 

B 



2 INTRODUCTION. 

advance the sphere of usefiil invention, in any 
considerable degree, without some knowledge of 
the principles on which it depends. But, having 
this knowledge, he may, to use the words of a 
well-known writer, " if he have only a pot to 
boil, be sure to learn from science lessons which 
will enable him to cook his morsel better, save 
his fuel, and both vary his dish and improve it." 
Although it is true tnat we are still ignorant of 
the more subtile agents which exist in the vast 
chain of causation, the laws which regulate the 
various phenomena of Nature are sufficiently 
known to afford the most beneficial assistance to 
every branch of the arts and sciences : and the 
most recondite of scientific discoveries, as well as 
the most valuable inventions and improvements 
in the arts, are not more demonstrative of the 
truth of this assertion, than those which are the 
most simple and inartificial. 

For an illustration of the utility of this know- 
ledge, we may refer to the law of gravity, not 
only because it is, of all natural phenomena, the 
most constant in its operation, and the most 
universal in extent, but because its influence is 
closely connected with the present subject of in- 
quirv. 

That all falling bodies gravitate with the same 
velocity, and, therefore, descend through a cer- 
tain definite space in a given time, is, we know, 
an effect^ of wnich gravity is the cauBe. . It is on 
the operation of this invariable law that many of 
our most valuable inventions depend. Its influ- 
ence is equally exerted on all objects, as well the 
most mighty as the most minute. It is this 
which gives stability to the grandest productions 
of Nature, as well as to the most minute or artifi- 
cial of our own works. It is fi-om this cause that 
we obtain the unerring action of our pendulums 
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and clocks ; and it is by this we obtain the circu- 
lation of hot water, with which we warm our 
dwelling^. But by a knowledge of the cause of 
these effects, of the extent of its operation, and 
of the laws by which it acts, we can, by varying 
the circumstances of a gravitating body, alter also 
the velocity of its descent. We accomplish this 
by bringing other causes into operation, which 
modify the result, notwithstanding the immuta- 
bility of the laws of gravity : and thus, by a 
knowledge of the physical laws, we can modify 
and subject to our win one of the most constant 
and universal agents in Nature. 

The study of the laws which govern natural 
phenomena — which in all cases are so simple, so 
beautiftd, so perfect — is, therefore, one of the 
most firmtfiil sources of inquiry which the me- 
chanician can pursue. It opens to him new fields 
of useful inquiry ; new applications of known 
inventions; new and simpler means of accom- 
plishing known effects. And while it points to 
improvement in every direction, it restrains the 
judgment from false principles; for where it 
exists not, it is almost certain that the plans 
of the mechanician will either be only modified 
copies of existing inventions, or they will de- 
generate into wild speculations, unsupported on 
any reasonable foundation. 

This is particularly observable in the case 
before us. The numerous failures which have 
occurred in the practical application of the in- 
vention of heating buildings by the circulation 
of hot water, are all distinctly referrible to the 
want of this kind of knowledge, and not to the 
object aimed at being itself unattainable. For 
whenever the physical laws are intended to be 
employed as the principal agents in producing 
any mechanical effect, it is an indispensable con- 

B 2 
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dition that simplicity of action be kept in view. 
While it may fiirther be observed, that the en- 
deavours to trace and elucidate the operating 
causes of the various phenomena, which occur in 
the course of practical experiments, are the surest 
means of facilitating original discoveries, as well 
as of promoting new adaptations of recognized 
principles. 

The origin of the invention of employing hot 
water for diffusing artificial heat appears to be 
hid in considerable obscurity. It is not improb- 
able that, like many other discoveries, it has 
been reproduced at various periods. It seems, 
however, to have been first used in France, by 
M. Bonnemain, in the year 1777, and was employed 
by him during several years for hatching chickens 
by artificial heat. The French Revolution, which 
followed shortly afterwards, put a stop to this, as 
well as many other usefid and scientific inven- 
tions, in that country ; and for several years the 
invention appears to have been entirely dormant; 
nor, indeed, does it appear ever to have been used 
by M. Bonnemain except for the purpose above 
mentioned. About the year 1817, the Marquis 
de Chabannes introduced a similar apparatus into 
this country for heating a Qonservatory, and also 
heating some rooms in a private house, by pipes 
leading fi'om the kitchen boiler. In the following 
year he published, in London, a pamphlet de- 
scribing this apparatus, and some ingenious modi- 
fications of hot-air stoves. The invention appears 
to have made very little progress for some years. 
In 1822, Mr. Bacon, a gentleman of fortune, in- 
troduced the use of hot water into his forcing- 
houses, using for the purpose a single pipe of large 
diameter, communicating with the boiler ; and, 
by giving a slight elevation to the pipe from the 
horizontal line, he was thus enabled to produce a 
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circulation of the water, the hot water slowly 
passing along the upper part of the nearly hori- 
zontal pipe, and the colder water returning to the 
boiler along the lower part of the same pipe. The 
circulation in this apparatus was very imperfect ; 
and Mr. Atkinson, an architect, almost immedi- 
ately afterwards suggested the addition of a 
second pipe to bring back the colder water to the 
boiler ; and thus at once the apparatus assumed 
the form which it has ever since retained. By 
this alteration the apparatus was brought very 
nearly to the same form as that contrived by 
M. Bonnemain more than forty years before, the 
principal difference being that M. Bonnemain 
used only very small pipes of gun-barrel size, 
while Mr. Atkinson used pipes of four or five 
inches diameter. 

The honour of this invention has been claimed 
for Mr. Watt, prior to the time of M. Bonnemain 
using it in France ; but there appear no groimds 
for supposing he ever employed it without the in- 
tervention of steam, as a distributor of heat by 
circulation, in the manner in which it is now usea. 
The mere motion of hot water in pipes is an in- 
vention of far greater antiquity than the time 
either of Watt or Bonnemain. Seneca has accu- 
rately described the mode of heating the water in 
the ThermsB of Rome, of which Castell has given 
drawings ; * and which show that the method 
of heating baths by pMsing the water through a 
coil of pipes which passed through the fire was 
known and practised previous to the Christian 
era : and, except that the tubes were of brass, in- 
stead of iron, they were precisely similar, both in 
form and arrangement, to those used at the pre- 
sent day for the like purpose ; the lapse of nine- 

^Oastell's <<Illu6trationB of the Yillas of the Ancients,'^ 
p. 10. 
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teen centuries having apparently added nothing 
to our knowledge on this subject. 

Since the first introduction of the hot-water ap- 
paratus for warming buildings, the variations made 
in its more complicated arrangements appear to 
have been very gradually adopted. Each time 
that an apparatus has been erected, the experi- 
mentalist has deviated in some small degree from 
the model of that which preceded ; apparently 
afraid of venturing on too great a variation, yet 
requiring, from contingent circumstances, some 
alteration of its form and application. This mode 
of proceeding, though' natural while the principles 
were not thoroughly understood, has frequently 
led to both inconvenience and loss, in consequence 
of the numerous failures to which it has given 
rise, by unintentional deviations from the prin- 
ciples. In the present attempt to elucidate the 
subject, it will, however, be shown that success 
needs not be uncertain, provided only that the 
laws of physics be justly applied and strictly ad- 
hered to. 

So numerous have been the failures which have 
occurred in this method of heating buildings, that 
nothing but the intrinsic merits of the invention 
could possibly have made it retain its hold on the 

Eublic favour. Every imaginable kind of mistake 
as been made in apparatus erected on this plan. 
And these mistakes still continue to be made as 
frequentl;^ as ever, notwithstanding the vast num- 
ber of buildings in which it has been successfully 
applied, and which might be consulted for correct 
information. 

Neither the capabilities of this method of warm- 
ing, nor the various useftil purposes to which it is 
opplicable, are even yet fully appreciated. There 
are no buildings, however large, to which it can- 
not be advantageously adapted, nor any that pre- 
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Hent insurmountable difficulties in its practical 
application. And in many useful purposes con- 
nected with arts and manumctures, it can be most 
advantageously employed, though its application 
to these purposes has nitherto been greatly over- 
looked. Its merits, however, will best appear by 
the plainest statement of facts. 

Smce the publication of the first edition of this 
work, in 1837, ample opportunities have occurred 
for testing in every variety of form the accuracy 
of the rules and calculations which were there 
given, for constructing and apportioning the hot- 
water apparatus to the varying circumstances 
under which it is applied. The most important 
of the calculations are those on the heated surface 
required to warm a given building, and the proper 
size of the boiler and the furnace. The data on 
which were founded the rules, and tables for calcu- 
lating these proportions, were carefully compared, 
both experimentally and practically ; and the ex- 
tensive use which lias been made of these rules, 
with perfect success, leaves no doubt whatever as 
to their complete accuracy. 

The object which has been aimed at has been 
to render the work as clear as possible to practical 
men, while, at the same time, it shoifld not be 
below the notice of those who might desire either 
to acquaint themselves with the scientific princi- 
ples of the invention, or with the general bearing 
of the subject, on the health, the comfort, the 
physical development, and even the duration of 
life, of a large portion of the human race. The 
effects of unwholesome air on the animal economy 
from imperfect ventilation and deleterious methods 
of producing artificial warmth, is a subject which 
has hitherto excited far too little attention. The 
laws which connect man with the physical universe 
are of far higher generalization than many are 
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inclined to believe : they bind together not alone 
the phenomena of our own world, but of the entire 
material universe ; and yet mankind vainly sup- 
pose they can act as they please with relation to 
these immutable laws, — ^that they can fashion them 
to their own will, and to their own imagined 
wants; and instead of endeavouring to make them- 
selves more thoroughly acquainted with these laws, 
devised by unerring Wisdom for the universal 
good, they choose rather to act either in direct 
opposition, or, at least, in total neglect of those 
great truths which philosophy has been permitted 
to discover and unfold. But it is certain that they 
cannot with impunity neglect the great truths 
which physiology discloses ; nor can they place 
themselves in opposition to those fimdamental laws 
which bind together the whole physical universe, 
without entailmg upon themselves the penalties 
which the Great Author of those laws has made 
the inseparable condition of their infiingement. 

It is hoped the following pages will place this 
matter in a clear point of view, in a sufficiently 
popular manner. 
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PAET FIBiST. 

ON WASmNG BUIIiDINGS BT HOT WATES, AND ON THE 
LAWS OF HEAT, ETC. 



CHAPTER I. 

Cause of Circulation of the Water — Inclination of the Pipes — 
Necessity for Air-yents — Open and Close Boilers — ^Pressure 
of Water — ^Effect produced on the Circulation by increased 
Height of the Pipe — Compression of Water — Branch Pipes 
— Variations in Ijevel of Pipes. 

(Abt. 1.) In endeavouring to explain the prin- 
ciples of tne various forms of apparatus in \diich 
hot water, circulating through iron pipes, is em- 
ployed as a means for distributing artificial heat, 
the first object should be to point out, as clearly as 
possible, the power which produces the circulation 
of the water; for without a clear perception of this 
part of the subject, there will always be an uncer- 
tainty as to the results which will obtain, when any 
departure is made fi^om the most simple form and 
arrangement of the different parts of the appa- 
ratus. It is this circulation wl^ch causes all 
the water in the apparatus to pass successively 
through the boiler, and then communicates the 
heat that is thus received fi-om the fiiel to the 
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various buildings or apartments which it is de- 
signed to warm. Without this circulation, those 
parts of the apparatus which are remote from the 
fire would not receive any heat ; because water is 
so bad a conductor that it is only when there 
exists perfect freedom of motion among its par- 
ticles, that it acts at all as a conductor of heat, so 
far, at least, as regards any practical and useful 
eflfect. It is in a complete and perfect circulation, 
therefore, that the efficiency of a hot-water appa- 
ratus depends, and tliat the greatest amount of heat 
is obtained by it from a given quantity of fuel. 

(2.) The only treatise hitherto published, in 
which any attempt has been made to explaiu the 
of the circulation of the water in this de- 



cause 



scription of apparatus, is Mr. Tredgold's work on 
heating by steam ; and the effect is there referred 
entirely to an erroneous cause. In the Appendix 
to that work, the cause of motion is thus explained. 

If the vessels a b, and 



a 



Fig.' 1. 



^f-^6 



pipes, be filled with water, 
and heat be applied to the 
vessel A, the effect of heat 
will expand the water in 
the vessel a, and the sur- 
face will, in consequence, 
rise to a higher level, a rf, the former general level 
surface being b h. The density of the fluid in the 
vessel A will also decrease in consequence of its 
expansion ; but as soon as the column c d (above 
the centre of the upper pipe) is of a greater weight 
than the column / ^, motion will commence along 
the upper pipe from a to b, and the change this 
motion produces in the equilibrium of the fluid 
will cause a corresponding motion in the lower 
pipe from B to a." 

(3.) Now it is certain that this theory will not 
account for the circulation of the water, under all 
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circTimstanceSy and every variety of form of the 
apparatus ; and as the cause of motion must be the 
same in all cases, any explanation which will not 
apply universally must necessarily be erroneous. 
Were this the true cause of motion, there would be 
no difficulty in obtaining a circulation in all cases ; 
for, according to this reasoning, whenever the level 
of the water is higher in the boiler than in the 
pipes — or even if an upright pipe were placed on 
the top of a close boiler, by wnich the pressure on 
the surface would be increased — ^the water must 
of necessity circulate through the pipes : while, on 
the other "hand, if this hypothesis were correct, 
the water in an apparatus constructed as in the 
following figure would not circulate at all. 

(4.) Suppose the apparatus, fig. 2, to be filled 
with cold water, and the two stop-cocks, /^, to be 
closed: on applying 
heat to the vessel a, Fi<»- 2. 

the water it contains ,^^^7"^^^^^ 
will expand in bulk, ' ^"^ 

and a part of it will 
flowthrough the small 
waste pipe a?, which 

is so placed as to prevent the water rising higher 
in the vessel a than the top of the vessel b. The 
water which remains in the vessel A, after it has 
been heated, and a portion of it has passed 
through the waste-pipe ^, will evidently be 
lighter than it was before, while its height will 
remain unaltered. Suppose, now, the two cocks, 
/^, to be simultaneously opened ; the hot water 
in the boiler a will immediately flow towards B 
through the upper pipe, and the cold water in B 
will flow into a through the lower pipe ; although, 
by the hypothesis previously alluded to, unless 
tne water in the vessel a, above the pipe c, were 
heavier, or rose to a higher level than the water 
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in the vessel b, no circulation could take place. 
In this case, therefore, we must find another ex- 
planation of the cause of motion. 

(5.) The power which produces circulation of 
the water will be found to arise fi*om a difierent 
cause than that which is here stated ; for we see 
that this reason is insufficient to accotmt for the 
effect, even in one of the simplest forms of the 
apparatus. 

In order to explain this, let us suppose heat to 
be applied to the boiler A, fiff. 2. A dilatation of 
the volume of the water takes place, and it be- 
comes lighter ; the heated particles rising upwards 
through the colder ones, wnich latter sink to the 
bottom by their greater specific gravity, and they 
in their turn become heated and expanded like 
the others. This intestine motion continues until 
all the particles become equally heated, and have 
received as much heat as the fuel can impart to 
them. But as soon as the water in the boiler be- 
gins thus to acquire heat, and to become lighter 
than that which is in the opposite vessel b, the 
water in the lower horizontal pipe d is pressed by 
a greater weight at z than at y, and it therefore 
moves towards A with a velocity and force equal 
to the difference in pressure at the two points y 
and 0.* The water in the upper part of the 
vessel B would now assume a lower level, were it 
not that the pipe c fiimishes a firesh supply of 
water from the boiler to replenish the deficiency. 

* To any person unacquainted with the sdence of Hydro- 
staticsi this may probably appear erroneous, because the quan- 
tity of water contained in a is much greater than that in b. 
It is, howeyer, one of the first laws of Hydrostatics that the 

Eressuie of fluids depends for its amount on the height of the 
uid only, and is wnolly irrespectiye of the bulk, or actual 
quantity of fluid : therefore, a pipe which is not lai^er than a 
quill will transmit the same amount of pressure as though it 
were a foot, or a yard, in diameter, provided the height be 
alike in both cases. (See Art. 10.) 
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By means of this unequal pressure on the lower 
pipe, the water is forced to circulate through the 
apparatus, and it continues to do so as long as the 
water in B is colder, and therefore heavier, than 
that which is in the boiler ; and as the water in 
the pipes is constantly parting with its heat, both 
by radiation and conduction, while that in the 
boiler is as continually receiving additional heat 
from the fire, an equality of temperature never 
can occur ; if it did, the circulation would cease. 

(6.^ We see, then, that the cause of the circula- 
tion IS the imequal pressure on the lower pipe of 
the apparatus ; and that it is not the -result of any 
alteration which takes place in the level of the 
water, as has been erroneously supposed. Indeed, 
the truth of this appears so plain, that it would 
scarcely require explanation at such a length, were 
it not that false opinions in this matter appear to 
have led to many errors in practice. 

As the circulation is caused by the water in the 
descending pipe being colder, and therefore heavier 
than that wnich is in the boiler, it follows, as a 
necessary consequence, that the colder the water 
in the descending pipe shall be, relatively to that 
which is in the boiler, so much the more rapid 
will be its motion through the pipes. In such 
an arrangement of 

pipes as fig. 3, the _ ■^'^- ^• 

water in the de- 
scending pipe e /, 
having to travel 
farther before it 
descends to the 
lower part of the boiler than when the pipes are 
arranged as in fig. 2, it will of course be colder at 
the time of its descent, in the case, fig. 3 than in 
fig. 2, and therefore the circulation will be more 
rapid. The height of the descending pipe is sup- 
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posed to be alike in both cases, because c d and 
e/are together equal to a b. 

(7.) Some persons have imagined that if the 
pipes be inclined, so as to allow a gradual fall of 
the water in its return to the boner, additional 
power will be gained; as, for instance, by in- 
clining the lower pipe of fig. 3, so as to make the 
Eart e lower than rf, and then reducing the vertical 
eight of the return pipe e /. This, at first, ap- 
pears very plausible, particularly with regard to 
some peculiar forms of the apparatus ; but the 
principle is, in fact, entirely erroneous. The 
author of the Appendix to Tredgold's work, al- 
ready quoted, in consequence of adopting the 
erroneous hypothesis, that the motion of the water 
commences in the upper pipe instead of the lower 
one, M already described, appears to recommend 
an inclination being given to the pipes in this 
manner ; and he has described an apparatus that 
he erected, to which a fall of four feet was given 
to the water by this method. 

This error appears to arise firom treating the 
subject as a simple question of hydraulics, instead 
of a compoimd result of hydrodynamics. But, in 
order to Euscertain what is the effect of thus inclin- 
ing the pipes, let us suppose an extreme case. 

It is evident that the farther the water flows, 
the colder does it become. It must, therefore, be 
hotter at a (fig. 4) than it is at b, and hotter at b 
than c, ana so on. Let us, now, suppose any 
arbitrary number to represent the specific gravity 
of the water at a; say, for instance, '94. The 
water at b, in consequence of having flowed farther, 
and therefore become colder and heavier, will be, 
we will suppose, of the specific gravity of '95 ; at 
c, for the same reasons, it will be '96, and so on 
to F, where, fi^m having run the greatest dis- 
tance from the boiler, it will be the heaviest of 
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all ; * and the sum of all these numbers represents 
the pressure at p. But had the pipe, instead of 
inclining gradually from the boiler, continued on a 
level to a, as represented by the dotted lines, the 
water would have been as cold, and therefore as 
heavy, at a as by the former arrangement it is at 
F, and therefore its specific gravity would be the 
same, namely, -99. Now, as the pressure of water 

Fig. 4. 




is as its vertical height, by dividing the vertical 
pipe, afy in the same manner as we have done 
with the inclined pipe, we shall have a, J, c, c?, e^ 
/, each equal in altitude to the corresponding divi- 
sions of the inclined pipe; and as the specific 
gravity of each division is equal to -99, the total 
number representing the sum of all these will show 
the pressure at the point /• We shall hence find 
the pressure of the vertical pipe, compared with 
that of the inclined pipe, will be as 5 94 is to 
6-79.t 

(8.) It is evident fi'om this that there must be 
a considerable loss on the effective pressure by 
making the pipe to incline below the horizontal 
level. Nor can this loss be compensated in any 

* The real Bpecific gravities could not oonyeniently be ufied 
in this illustration, as they would require several decimal 
places of figures. (See Table IV., Appendix.) 

t If the strict analogy were carried out, the difference ought 
to be greater than is here represented* because it is evident 
that instead of 0, ^, 0, <f, &o., being each of equal density, h 
will be heavier than a, and heavier than h, and so on ; but 
the illustration, as now given, will be sufficient to show the 
principle. 
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manner; for the total height being the same, 
whether the water descends through a vertical or 
through an inclined pipe, the force or pressure 
will only be equal to the specific gravity of the 
matter. And as there is actually more matter in 
a pipe filled with cold water than in a similar jjipe 
filled with hot water, the gravitating force will be 
inversely proportional to the temperature ; that 
is, it will be less in proportion as the temperature 
of the water is greater. There must, therefore, 
imder all circumstances, be a positive loss of efiect 
by inclining the pipe in the manner stated.* 

(9.) In such a form of apparatus as fig. 3, there 
would be no circulation of the water, unless some 

§lan were adopted by which the air would be 
islodged fi'om the pipes, and a ready escape 
provided for it. Nothing is more necessary to 
be attended to than this ; for, in the more com- 
plicated forms of the apparatus, the want of an 
efficient means of discharging the air has been 
the cause of innumerable failures. Suppose we 
require the apparatus fig. 3 to be filled with water ; 
by pouring it m at the boiler, the pipe efwiU of 
course be filed simultaneously with it, and then the 
lower pipe d; and the water wiU then gradually 
rise higher in the boiler imtil it partially fills the 
upper pipe. At last the orifice of the pipe x will 
become mil, and the air which is in the pipe c Xy 
being thus prevented fi:om escaping, will oe forced 
towards c by the weight of water behind it ; and 
if the quantity of air be sufficiently large, it will 
entirely prevent the junction of the water at <?, and 
cut off the communication between the two pipes at 

* It must not be supposed that this reasoning at all applies 
to any case of pure IwdrauHcs. If the question were oidy as 
regards a fluid of uniionn temperature, then the greatest effect 
would be obtained by using an indined pipe ; but the fluid 
which we are now regardine is one of a vaiying density and 
temperature, which materiaUy alters the conditional results. 
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c d. If an openinff be now made in the pipe at <?, 
the air will immeoiately escape, being forced out 
by the greater density of the water ; and, there- 
fore, either a valve or a cock must be placed there, 
to allow of its discharge, for otherwise no circu- 
lation of the water can ensue. As water, while 
boiling, always evolves air, it is not si^cient 
merely to discharge the air from the pipes on first 
filKng them with water, because it is continually 
accimiulating :* and in many instances, particu- 
larly with a close-topped boiler, it is desirable to 
have the air-vent self-acting, either by using a 
valve or a small open pipe ; in others, a cock will 
often be found most convenient. 

The size of the vent is not material, as a very 
small opening will be sufficient to allow the air to 
escape. For the rapidity of motion in fluids when 
pressed by equal weights being inversely propor- 
tional to their specific gravities, as water is 827 
times more dense than air, an aperture which is 
sufficiently large to empty a pipe in fourteen 
minutes if it contained water, would, if it con- 
tained air, empty it in about one second, f Air 
being so very much lighter than water, it is of 
course necessary that the vents provided for its 
escape be placea in the highest part of the appa- 
ratus, for it is there it will always lodge ; and 
sometimes it will be found necessary to have 
several vents in different parts of the apparatus. 

Though it is perfectly easy, as far as the mere 
mechanical operation is concerned, to provide for 
the discharge of the air from the pipes, it requires 

* K the water were always kept boiline, the air, after being 
once expelled, would not again acciunulate. But wben the 
water cools, it again imbibes air ; and thus a continual dis- 
charge of air occurs in a hot-water apparatus. 

t MancheBter MemoirB^ vol. v., p. 398 ; and Nichokon*8 Journal, 
vol. ii., p. 269. 
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much consideration and careful study to direct 
the application of those mechanical means to the 
exact spot where they will be useful. The sub- 
ject will, therefore, be again adverted to in a 
subsequent chapter, when we have investigated 
the principles of the apparatus in some of its more 
complex forms of arrangement. 

(10.) The plan of the boiler and pipes which 
has been given in the preceding figures is ap- 
plicable to comparatively but few purposes ; for, 
m consequence of the boiler being open at the 
top, the pipes must be laid level with it, other- 
wise the water would overflow. When the 
pipes are required to rise higher than the boiler, 
the latter must be closed at the top, and the pipes 
can then be carried upwards to any required 
height. This arrangement possesses considerable 
advantages : for the higher we make the ascending 
and descending pipes, the more rapid is the circu- 
lation of the water.* This effect will necessarily 
result from the principles already explained; 
because, as motion is obtained in consequence of 
the diflference in weight of the ascending and de- 
scending columns of water, the greater the height 
of these colimins, the greater must be the differ- 
ence in their weight, and therefore the greater 
must be the force and velocity of motion. 

The advantages which may be derived from an 
increased height in the ascending pipe cannot, how- 
ever, be applied in an unlimited manner, because 
it might lead to inconvenience, and even be at- 
tended with some degree of danger to the appa- 
ratus, if the increased height were not regulated by 

* In this and the preceding figiires, the pipes are drawn 
6o as to show the flow and return pipes lying one aboye the 
other. A moment's consideration wiU satisfy any one that 
the effect will be the same if they were placed side by side on 
the same level ; and frequently this arrangement is far more 
convenient. 
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certam rules, and these, when ascertained, applied 
with judgment. 

The pressure produced by water is calculated 
by its columnar height, reckoned fix)m the bottom 
of the vessel in which it is contained. Whether 
the vessel be open at 
the top and very deep, ■^°- ^• 

or closed at tne top 
and very shallow, but 
with a pipe attached 
to the top, like the 
boiler and pipe a b, 
fig. 6, the pressure 
mil be exactly alike 
in either case, if the 
deep open boiler be 
equal in height to that 
of the shallow boiler and upright pipe conjointly ; 
notwithstanding the quantity of water may be ten 
times, or 100 tmies, larger in the one case than 
the other. Neither is the pressure increased, 
however large may be the diameter of the pipe 
which is used ; nor is it lessened if the pipe be 
inserted at the side of the boiler, as in the dotted 
lines y 0, fig. 5, instead of being placed on the top. 

As the pressure of water on each square inch of 
surface increases at the rate of about half a pound* 
for every foot of perpendicular height, if the height 
firom the bottom of the boiler to the top of the pipe 
be six feet, the pressure on the bottom will be three 
pounds on every square inch of surface ; but if the 
boiler be two feet high, the pressure on the top — 

* The exact weight of a perpendicular foot of water, with a 
base in one square inch, is 3030*24 grains, at the temperature 
of 60^ ; which is therefore only '4328 of a pound avoirdupois. 
Aoolumn of water 80 feet high only gives a pressure of 12-68 lbs., 
instead of 15 lbs., as usually reckoned ; and therefore the real 
height of a oolumn of water, which wiU give a pressure equal 
to one atmosphere, must be 34^ feet. 

c 2 
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which will be a pressiire upwards — ^will be only 
two pounds on eveiy square inch of surface, because 
it will only have four perpendicular feet of water 
above it. If the height of the pipe be increased 
to 28 feet, and the depth of the boiler be two feet, 
as before, making 30 feet together, the pressure 
will be 15 lbs. on each square inch of the bottom, 
14 lbs. on each square inch of the top, and an 
average pressure of 14i lbs. on each square inch 
of the sides of the boiler. Suppose, now, a boiler 
to be three feet long, two feet wide, and two feet 
deep, with a pipe 28 feet high jfrom the top of the 
boiler ; when the apparatus is filled with water 
there will be a pressure on the boiler of 66,816 lbs., 
or very nearly 30 tons.* 

(11.) When a great pressure is used in a hot- 
water apparatus, in the manner here described, it 
is necessary that the materials of the boiler should 
be stronger than they otherwise need be ; and 
more care is also required in making the joints 
very sound, for attaching the pipes to the boiler 
so as to prevent any leakage. But when these 
mechanical difficulties are overcome, the amount 
of danger arising from a great pressure of water 
must not be overrated, for it might otherwise deter 
some persons from adopting this form of the appa- 
ratus, notwithstanding its munerous advantages. 

(12.) The great danger that arises from the 
bursting of a steam apparatus is in consequence 
of the elastic force of steam, which, at very high 
temperatm'es, is immense. But water possesses 

* This eDormous pressure on vessels wliicli contain water 
does not occur in the case of pipes merely used for the conveyance 
of water; for in this case, when the water runs out of the 
lower end of a long vertical pipe as fast as it runs in at the 
top, although it be always kept perfectly full, still there may 
probably be no pressure whatever on any part of the pipe, 
however cppeat its length may ho.-^Eohison'e Mechanical Fhilo- 
siphy, vol. ii., p. 580, et seq. 
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very little elasticity compared with steam, its ex- 
pansive force being almost inappreciable under 
ordinary circumstance^. At the pressure of 15 lbs. 
per square inch, the water in the boiler last de- 
scribed, which holds about 75 gallons, would be 
compressed rather less than one ctibtc inchy or about 
l-35th part of a pint.* The expansive force of 
the water in this apparatus, therefore, even sup- 
posing it were to burst, would be perfectly harm- 
less ; for it could only expand as much as it had 
been compressed ; namely, one cubic inch. The 
effect on a boiler, b^ the pressure of the water, 
will be precisely similar to a weight pressing upon 
it equal to the estimated pressure of the water, 
whicn is quite different from the sudden and violent 
force produced by the expansive power of steam. 
As an apparatus of this kind could never be forced 
asunder, as in the explosion of a steam-boiler, the 
only result, imder the worst circumstances that 
could occur, would be a leakage of the water, in 
consequence of the cracking of some part of the 
boiler. 

Neither the principle nor the practical working 
of the apparatus is in the least affected by having 
any additional number of pipes leading out of or 
into the boiler. The effect is the same whether 
there are more flow-pipes than return-pipes, or, 
conversely, more return-pipes than flow-pipes. 
If there be two or more flow-pipes, whether they 
lead from the boiler separately, or branch from 
one main pipe, or whether they lead from op- 

* According to the experiments of Professor Oerstead, the 
oompression of water is '0000461 by a pressure of 15 lbs. per 
square inch ; and he has found that it proceeds pari passu as 
idT as 65 atmospheres, which was the limit to which his experi< 
ments extended. This compression is about equal to reducing 
a given bulk of water )'• of its volume by a pressure cf 
20,000 lbs. per square inch. — Report British Scientific Asiocia- 
tion^ vol. ii., p. 35o. 
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posite sides of the boiler, or all from one side, 
each range of pipes will act separately and have a 
velocity of circulation peciiliar to itself: and one 
range of pipes may act efficiently, while another, 
though attached to the same boiler, may have no 
circulation whatever through it; and this effect 
will not be altered whether the pipes return into 
the boiler separately, or all unite mto one main 
pipe. The pressure, supposing the pipes to rise 
vertically fi^m the boiler, will likewise be pre- 
cisely tne same, however nimierous the pipes 
may be. This circumstance is one of the pecu- 
liarities which distinguish fluids from solids. For 
if the fluid in any close vessel be pressed by the 
fluid contained m an upright pipe, so as to pro- 
duce a pressure of 10 lbs. on the square inch ; if a 
second pipe, capable of exerting a similar pres- 
sure with the first, be placed upon the same 
vessel, the united pressure will still be only 
10 lbs. per square inch ; and it would be no more, 
though ever so large a number of pipes were 
added, provided the vertical height were not in- 
creased. 

(13.) One advantage may be obtained by caus- 
ing the water to rise from the boiler by an as- 
cending pipe, as in fig. 5, which cannot be 
accomplished by any other means; and it is of 
considerable importance to ascertain its true 
eflfect, as it has produced consequences which 
are not generally attributed to the right cause. 

The force and velocity of motion of the water, 
being proportional to the vertical height of the 
ascending and descending pipes; by increasing 
this height, a facility is afforded for taking the 
pipes below the horizontal level, as, for instance, 
when it is required to pass them under a door- 
way, or other similar obstruction, before they 
finally descend to the bottom of the boiler. In- 
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numerable failures have occurred in attempt- 
ing to make the water descend and again to 
ascend in this manner, the success of the experi- 
ment depending entirely upon the vertical height 
of the ascending pipe above the boiler. These 
alterations of the horizontal level, which are fre- 
quently very desirable, have, of course, their 
limits, beyond which they cannot be carried; 
and it is from not having ascertained what are 
these limits, and what the cause of the limitation, 
that such uncertainty has hitherto prevailed with 
regard to this experiment ; for it frequently suc- 
ceeds, but more frequently fails, in practice. It 
will be most convenient, however, to consider 
this subject after we have ascertained what is the 
amount of motive power of the water in this kind 
of apparatus. 
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CHAPTER II. 

On the Motive Power of the Water— On increasing the Motire 
Power — ^Velocity of Circulation — Circulation of Water 
below the Boiler — Direct and Reversed Circulation — Air- 
Vents — Supply Cisterns — ^Expansion of Pipes, &c. 

(14.) It has already been mentioned that the 
power which produces circulation of the water is 
the unequal pressure on the return pipe, in conse- 
quence of the greater specific gravity of the water 
in the descending pipe, above that which is in 
the boiler. Whether this force acts on a long 
length of return pipe, as y z^ fig. 2, or only on a 
very short length, as/, fig. 3, the result will be 
precisely similar. 

Now, it is evident that, if this imequal pressure 
is the vis viva^ or motive power, which sets in 
motion the whole quantity of water in the ap- 
paratus, it is only necessary, in order to ascertain 
the exact amount of this force, that we know the 
specific gravities of the two columns of water; 
and the difference will, of course, be the effective 
pressure, or motive power. This can be accu- 
rately determined when the respective tempera- 
tures of the water in the boiler and in the 
descending pipe are known.* 

* A thermometer suitable for this purpose was long since 
proposed by M. Fourier, and called by him the thermometer 
of contact. It consists of a very small iron cup, just large 
enough to hold the bulb of the thermometer, but without 
a bottom to it. Over the bottom, a piece of goldbeater's skin 
is to be tied, and the cup is then to have a little mercury put 
in it, into which the bulb of the thermometer is to dip. ^ihe 
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As this difference of temperature rarely exceeds 
a very few degrees in ordinary cases, tne differ- 
ence in the weight of the two columns must 
necessarily be very small. But, probably, the 
very trifling difference which exists between 
them, or, in other words, the extreme smallness 
of the motive power, is very imperfectly compre- 
hended, and will, perhaps, be regarded with 
some surprise when its amount is shown by exact 
computation. 

(15.) In order to ascertain, without a long and 
troublesome calculation, what is the amount of 
motive power for any particular apparatus, the 
following Table has Deen constructed. An ap- 
paratus is assumed to be at work, having the 
temperature in the descending pipe 170"*; and 
the difference of pressure upon the return-pipe is 
calculated, supposing the water in the boiler to 
exceed this temperature by from 2^ to 20^. This 
latter amount exceeds the difference that usually 
occurs in practice. 

By referring to the annexed Table, it will be 
found that when the difference between the tem- 
perature of the ascending and the descending 
columns amounts to 8**, the difference in weight 
is 8*16 grains on each square inch of the section 
of the return-pipe, supposing the height of the 
boiler A, fig. 2, to be 12 inches. This height, how- 
ever, is only taken as a convenient standard from 
which to calculate ; for, probably, the actual 
height will seldom be less than about 18 inches, 
and, in many cases, it will be considerably more. 

cup, when placed on any hot surface, will accurately show the 
temperature, the contact between the skin and the surface 
being extremely perfect. As a permanent adjunct, however, 
to the hot-water apparatus, it is much better to use a ther- 
mometer fitted witn a hollow screw-nut, by which it can 
be accurately fixed to the apparatus, and the bulb actually 
dips into the water of the apparatus. 
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Table I. 

Difference in Weight of Two Columns of Water, each One 
Foot high, at various Temperatures. 



iJifforeiico in 
Temperature 

of the 

Two Columns 

of Water : 


Pipes, each One Foot in height. 


in Degrees of 

Fahrenheit's 

Scale. 








1 in. diam. 


2 in. diam. 3 in. diam. | 4 in. diam. 


per sq, in. 


20 


grs. weight. 
1-5 


grs. weight. 
6-3 


grs. weight. 
14-3 


grs. weight 
25-4 


grs. weight. 
2-028 


4" 


31 


12-7 


28-8 


611 


4068 


6o 


4-7 


19-1 


43-3 


76-7 


6108 


8o 


6-4 


25-6 


67-9 


102-6 


8-160 


IQo 


8-0 


320 


72-3 


128-1 


10-200 1 


120 


9-6 


38-5 


870 


154-1 


12-264 


140 


11-2 


450 


101-7 


180-0 


14-328 ' 


160 


12-8 


51-4 


116-3 


205-9 


16-392 ! 


18o 


14-4 


57-9 


1310 


231-9 


18-456 


20o 


16-1 


64-5 


146-7 


258-0 


20-532 



%* The above Table has been calculated by the formula 
given with Table IV., in the Appendix, for ascertaining the 
specific gravity of Water at different temperatures. The 
assumed temperature is from 170° to 190°. 

Now, suppose, in such a form of apparatus as 
fig. 2, the boiler to be two feet high ; the distance 
jfrom the top of the upper pipe to the centre of the 
lower pipe to be 18 inches; and the pipe four 
inches diameter; — ^if the diflference of temperature 
between the water in the boiler and in the de- 
scending pipe be 8°, the diflference of pressure on 
the return-pipe will be 153 grains y or about one- 
third part of an ounce weight : and this will be 
the amount of motive potver of the apparatus, what- 
ever be the length of pipe attached to it. If such 
an apparatus have 100 yards of pipe, four inches 
diameter, and the boiler contains, suppose 30 gal- 
lons, there will be 190 gallons, or 1,900 lbs. 
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weight of water kept in continual motion by a 
force only equal to one-third of an ounce.* This 
calculation of the amount of the motive power, in 
comparison with the weight moved, will vary 
under different circiunstances ; and in all cases the 
velocity of the circulation will vary simultaneously 
with it. 

(16.) It will be observed in the foregoing Table 
tiiat the amount of motive power increases 
with the size of the pipe : for instance, the power 
is four times as great in a pipe of four inches dia- 
meter as in one of two incnes. The power, how- 
ever, bears exactly the same relative proportion 
to the resistance or weight of water to be put in 
motion in all the sizes alike; for although the 
motive power is four times as great in pipes of 
four iaches diameter as in those of two inches, 
the former contains four times as much water as 
the latter: the power and the resistance, therefore, 
are relatively the same. 

(17.) As the motive power is so small, it is not 
at all surprising that, by an injudicious arrange- 
ment of the different parts of an apparatus, the 

* M. Dutrocliet made some experiments on the influencing 
causes of the motion of currents of liquids. He found that a 
difference of temperature of 1 -800th of a degree was sufficient 
to produce currents when aided by light, but the motions ceased 
on light being excluded. In the absence of light (except what 
was necessary to distinguish the object) the sound of a violon- 
cello or of a bell produced circulation in the liquid. He there- 
fore concluded that the most minute differences of temperature 
will produce motion among the particles of a fluid when aided 
by light or any other cause which produces feeble vibrations to 
the particles of the fluid. Quart Journal of Science, vol. xxix., 
p. 194. It is not stated how this small excess of heat was 
ascertained. The effects of sound may possibly be in some way 
connected with a fact which Biot attempted to demonstrate by 
experiment — that every vibration of a sonorous body in elastic 
media is accompanied with a change of temperature. Mimoirea 
de la Society d^Arctteily 1809; and Jtetrospect. of Science, yol. r., 
p. 429. 



28 MOTIVE POWER. 

resulting motion may frequently be impeded, and 
sometimes even totally destroyed ; for the slower 
the circulation of the water, the more likely is it 
to be interrupted in its course. There are two 
ways by which the amount of the motive power 
may be increased : one, by allowing the water to 
cool a greater munber of degrees between the time 
of its leaving the boiler and the period of its return 
through the descending pipe; the other, by in- 
creasing the vertical heignt of the ascending and 
descending columns of water. The effects pro- 
duced by these two methods are precisely similar, 
for, by doubling the difference of temperature 
between the flow-pipe and the return-pipe, the 
same increase in power is obtained as by doubling 
the vertical height ; and tripling the difference in 
temperature is the same as tripling the vertical 
height.* This can be ascertained by referring to 
the preceding Table. Thus, suppose, when the 
difference of temperature is 8°, and the vertical 
height four feet, that the motive power is 32*6 
graim per square inch : if the difference of tem- 
perature be increased to IG'', while the height 
remains the same, or if the height be increased to 
eight feet whUe the temperatiu'e remains as at 
first, the pressure, in either case, will be 65*2 
grains per square inch, or twice the former 
amount. The same rule applies to other differ- 
ences, both of height and temperature. 

(18.) Ahnost the only two methods of increasing 
the difference of temperature between the ascend- 
ing and the descending columns are, either by in- 
creasing the quantity of pipe, so as to allow the 
water to flow a greater distance before it returns 
to the boiler ; or, by diminishing the diameter of 
the pipe, so as to expose more surface in proportion 

* This is without reference to friction : the effect will there- 
fore be a little modified by this cause. (See Art. 22 and 43.) 
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to the quantity of water contained in it, and by 
this means to make it part with more heat in a 
given time- (See Art. 61.) The first of these 
two methods, however, is necessarily limited by 
the extent of the building that is to be heated, to 
which the quantity of pipe must be adjusted in 
order to obtain the reqidred temperature : and, as 
to the second, there are many objections against 
reducing the size of the pipes, which will be con- 
sidered presently. The increase of motive power 
to be obtained by increasing the height of the 
ascending column of water is, therefore, what 
must principally be depended on, when additional 
power is reqmred to overcome any imusual ob- 
structions. 

(19.) In all cases the rapidity of circulation is 
proportional to the motive power ; and, in fact, 
the former is the index of the latter, and the 
measure of its amount. For if, while the resistance 
remains uniform^ the motive power be increased in 
any manner or in any degree, the rate of circula- 
tion will increase in a relative proportion. Now 
the motive power, irrespective of retardation by 
friction, may be augmented, as we have already 
seen, either by increasing the vertical height of 
the pipe, by reducing its diameter, or by in- 
crea.smg its length. If by any of these means the 
circulation be doubled in velocity, then, as the 
water will pass through the same length of pipe 
in half the time it did before, it will only lose half 
aj3 much heat as in the former case, because the 
rate of cooling is not proportional to the distance 
through which the water circulates, but to the 
time of transit. If, then, by sufficiently increasing 
the vertical height, and doubling the velocity of 
the circulation, the difference between the tem- 
perature of the flow-pipe and the retum-pipb be 
diminished one-half, it might be supposed that the 
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motive power of the apparatus would remain the 
same, and no advantage would appear to be gained 
by this means. But this is not exactly the case. 
For although, whether we double the vertical 
height, or double the horizontal length, we shall, 
in either case, increase the velocity of motion ; 
yet it will require a quadruple increase of verti- 
cal height, or a quadruple increase of horizontal 
length, to obtain double the original rate of cir- 
culation. (See Art. 21.) The increased velociiy 
is, therefore, indicative of increased power ; and, 
in a hot-water apparatus, it is the increased velo- 
city of circulation which overcomes any obstruc- 
tions of a greater amount than ordinary. 

(20.) The velocity with which the water cir- 
culates in this kind of apparatus, although con- 
tinually subject to variation, can nevertheless be 
calculated theoretically, when certain data are 
agreed upon, or are ascertained to exist. 

When the two legs of an inverted siphon a, 
fig. 6, are filled with liquids of unequal density, 
if the stop-cock, 0, be turned, so as 
Fig. 6. to open the communication between 
them, the lighter liquid will move 
upwards with a force proportional 
to the difference of weight of the 
two colimins, provided the bulk of 
the two liquids be equal. K one 
leg contains oil and the other con- 
tams water, the relative weights 
wiU be about as nine to ten ; therefore it will re- 
quire 10 inches of vertical height of oil to balance 
9 inches of water, and no motion will in that case 
take place. But when equal bulks of the two 
fluids are used, the velocity of motion with which 
the lighter fluid is forced upwards is equal to the 
velocity which a solid body would acquire in fall- 
ing, by its own gravity, through a space equal to 
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the additional height which the Kghter body would 
occupy in the siphon, supposing a similar weight 
of each fluid had been used. This velocity is 
easily calculated : a gravitating body falls 16 feet 
in the first second of time of its descent, 64 feet 
in two seconds, and so on, the velocity increasing 
as the square of the time ; therefore the relative 
velocities are as the square roots of the heights. 
Now, in the case of the siphon, which we have 
supposed to contain a column of water and a 
column of oil, each 9 inches in height ; as the oil 
ought to be 10 inches high to balance the 9 inches 
of water, the oil in the one leg will be forced up- 
wards with a velocity equal to that which the 
water (or any other body) would acquire by fell- 
ing through one inch of space ; and this velocity, 
we shall &id, is equal to 138 feet joer minute.* 

(21.) To estimate the velocity of motion of the 
water in a hot-water apparatus, the same rule will 
apply. K the average temperature be 170**, the 
difference between the temperature of the ascend- 

* The velocity will be as the square root of 16 feet^wr Becand 
to the square root of the additional height which an equal 
weight of the lighter liquid would occupy, reduced to the 
decimal of a foot ; and as the acquired velocity of a body at 
the end of a given time is twice as much as the distance it 
passes through, in arriving at any nven velocity by accele- 
rated motion, or, in other words, as a Dody which falls through 
16 feet of space, in one second, will proceed at the rate of 
32 feet per second afterwards, without receiving any additional 
impulse ; so the velocity found by this rule will be only half 
the real velocity ; and the number thus obtained must be mul- 
tiplied by 2. The velocity will, therefore, be found by multi- 
pfying the square root of the difTerenoe between the height of 
the two columns in decimals of a foot by the Bouare root of 16, 
and then, multiplying that product by 2, wul give the real 
velocity jMT second. 

The discharge through a siphon, employed to empty casks 
and other vessels, can also be calculated by this rule : the 
velocity of motion will be equal to the difference in length of 
the two legs. 
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ing and the descending columns 8^, and the height 
10 feet ; when similar weights of water are placed 
in each column, the hottest will stand 'SSI of an 
inch higher than the other ; * and this will give a 
velocity equal to 79*2 feet per minute. K the 
height be 6 feet, the difference of temperature 
remaining as before, the velocity will be only 
55 '2 feet joer minute ; but if the dinerence of tem- 
perature in this last example had been double the 
amount stated — ^that is, had the difference of tem- 
perature been 16**, and the vertical height of the 
Eipe 5 feet — then the velocity of motion would 
ave been 79 '2 ioeiper minute^ the same as in the 
first example, where the vertical height was 10 
feet, and the difference of temperature 8**. This, 
therefore, proves, in corroboration of what has 
been alreaay stated (Art. 19), that reducing the 
temperature of the water, eitner by using smaller 
pipes, or by increasing the length through which 
it flows, has the same effect on the circulation as 
increasing the vertical height, leaving out of con- 
sideration the question of friction. The velocity 
for 3 feet of vertical height, by the same rule, 
will be 43*2 feet per minute^ for 2 feet of vertical 
height it will be 36 feet per minute ^ and for 18 
inches of vertical height it will be 30*7 feet per 
minute^ if the difference of temperature between 
the two columns be in each case 8^, the same as 
in the former examples. It must here be observed, 
however, that, although it appears by these calcu- 
lations that incresising the vertical neight of the 
pipe fourfold will produce a double velocity of 
circulation, as the water will then pass through 
the pipe in half the time, the difference between 
the temperature of the flow-pipe and the return- 
pipe will be lessened one-half, and the velocity 

* The expansion of water by it will be found in Table IV., 
Appendix. 
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will at last become a mean rate ; so that the mere 
quadruple increase of vertical height, without the 
horizontal length be at the same time increased, 
will only produce a rate of circulation about one 
and a half times the original velocity. 

(22.) Such is the result of theory ; but, although 
this be true in itself, we shall, in practice, find but 
few cases that in any way agree with these results, 
in consequence of other causes modifying tlie 
effects. Even in an apparatus in which the length 
of pipe is not very considerable, where the pipes 
are of large diameter, and the angles few, a large de- 
duction from the theoretical amount must be made, 
to represent, with tolerable accuracy, the true velo- 
city. And in more complex apparatus the velocity 
of circulation is so much reduced by friction, that 
it will sometimes require from 50 to 90 per cent. 
and upwards to be deducted from the calculated 
velocity, in order to obtain the true rate of circu- 
lation,* The calculation of the friction of water 

* It has been found by experiment {RohisofCs Philosophy, 
vol. ii., p. 336), that a smooth pipe 4^ inches in diameter, and 
500 yards long, yields but one-nfth of the quantity of water 
which it ought to do, independent of friction. And Mr. George 
Bennie found {Philosophical Transactions^ 1831) that the velo- 
city of a half-inch pipe was reduced nearly three-fourths (that 
is, from 3 '7 to 1) oy increasing its length from 1 foot to 
30 feet ; that three semicircular bends reduced the velocity h 
in a short pipe, and 14 such bends reduced it h of its velo- 
city, while 24 right-angled bends reduced the velocity nearly 
two-thirds. The results of M. Prony's experiments led him 

to adopt the formula V = 26-79 *^~ for the dischai^e 

through straight pipes : b being the diameter of the pipe ; z 
the altitude of the head of water ; l the len^ of the pipe in 
m^tares ; and v the mean velocity. M. Dubuat's formula for 

diminution by flexure is B = ; where b is the resist- 

ance ; T the mean velocity ; s the sine of the angle of inci- 
dence ; n the number of equal rebounds. Dr. Young {Philo- 
sophical ly-ansactionSf 1808) objects to this theory, and gives a 
different one, which he considers more nearly to represent the 
true result. 

1) 



34 VELOCITY OF CIRCULATION. 

passing through pipes is alike complicated and 
imBati^actory. Thoiigh the question has been 
investigated Dy some of the most able philosophers 
and mathematicians, a simple and correct formula 
on this subject is still a desideratum ; and in the 
present state of knowledge of the subject it would 
be almost impossible to aetermine what would be 
the resulting velocity of circulation in a hot- 
water apparatus of complicated construction.* 

(23.) In addition to mese ordinary causes which 
impede the circulation, and which are common to 
all hydraulic experiments, there is another that is 
still more important, and is pecuHar to the hot- 
water apparatus. The vertical angles in the pipe, 
or those angles which carry the pipe below the 
horizontal level, increase the resistance in this 
case to a very considerable extent j for they oppose 
not merely a passive resistance by friction, but 
they engender a force of their own, tending in an 
opposite direction to that of the prime moving 
power. 

The motion of the heated particles of water is 
very diflferent in passing through an ascending 

Sipe, compared with that which takes place in a 
escending pipe. The heated particles rise up- 
wards through an ascending pipe with great 
rapidity, and when the space occupied by the 
displaced particles is supplied by water from 

* In RohuwCs Meehanieal Fhilosophy, vol. ii., pp. 261 — 627, 
will be found much information on this subject, with the re- 
sults of nearly all the experiments that have been made. Also 
see Dr. T. Young, Philosophical Transactions^ 1831 ; Nicholson^ s 
Journal, vol. xxii., p. 104, and Philosophical Magazine, vol. 
xxxiii., p. 123 ; Mr. G. Bennie, Philosophical TransactionSy 
1831, and Reports Brit. 8ei, Assoc, ^ vol. ii., p. 158, and vol. iii., 
p. 415. In these several works are given the experiments 
of Bossut, Prony, Dubuat, Eytelwein, Venturi, Borda, and 
others, which comprise nearly all that is known on this diffi- 
cult subject. 
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below, the motion becomes general in one di- 
rection, beiQg most rapid in the centre, and 
gradually decreasing towards the circumference, 
where, on account of the friction, it becomes com- 
paratively slow. But in a descending pipe the 
circumstances are very different, the motion being 
much more like that of a solid body ; for as the 
heated particles are unable to force their way 
downwards through those which are colder and 
heavier than themselves, the only motion arises 
from the cold water flowing out at the bottom, its 
place being then supplied at the top by that 
which is warmer, the whole apparently moving 
together, instead of the molecular action which 
has been described as the proper motion in an 
ascending pipe. 

(24.) In an apparatus constructed as fig. 7, the 
motion through the boiler and pipe a b, and through 
the descending pipe 
c D, takes place ac- 
cording to the two 
methods here descri- 
bed. But it is evident 
that, on motion com- 
mencing in the return 
pipe y ^, in conse- 



Fio. 7. 



quence of the greater 
pressure of c d than of a b, the water from a will 
be forced towards e, at the same time that the 
water in Cy /, ^, h flows towards c. But when a 
very small quantity of hot water has passed from 
the pipe and boiler, a b, into the pipe e /, the 
column of water ff h will be heavier than the 
column efj and therefore there will be a tendency 
for motion to take place along the upper pipe 
towards the boiler, instead of from it. This force, 
whatever be its amount, must be in opposition to 
that which occurs in the lower or return pipe, in 

D 2 
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consequence of the pressure of c d being greater 
than A B ; and unless, therefore, the force of motion 
in the descending pipe c d be sufficient to over- 
come this tendency to a retrograde motion, and 
leave a residual force sufficient to produce direct 
motion, no circulation of the water can take 
place. 

(25.) An extremely feeble power, as we have 
already seen, will produce circulation of the water 
in an apparatus wnere there are no unusual ob- 
structions; but it is anecessarvresult of the motive 
power being so very small, that it is easily neu- 
tralized. So trifling a circumstance as a thin 
shaving planed off a piece of wood, and acciden- 
tally getting into a pipe, has been known effec- 
tually to prevent the circulation in an apparatus 
otherwise perfect in all its parts. 

It is not sufficient, then, when such an obstruc- 
tion as the vertical declination from the horizontal 
level, shown by the last figure, has to be sur- 
mounted, merely to make the direct force of 
motion sufficient to overcome the antagonist force, 
and to leave the smallest possible residual amount 
for the purpose of causing circulation ; because an 
amount which would be sufficient for this purpose, 
as an imdivided force, would not be found sufficient 
as a residual force. 

(26.) In estimating the additional height which 
it IS necessary to give to the ascending column, 
in order to overcome such an obstruction as shown 
in fig. 7, it wiU be necessary to take into account 
what is the length and diameter of the pipe 
through which the water will have to pass, for on 
this depends the difference of temperature be- 
tween the ascending and descending columns, 
which we have seen materially affects the amount 
of the motive power of the apparatus. If the 
length of pipe be considerable, a somewhat smaller 
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increase of the vertical height of the ascending 
pipe will suffice; but if the length of pipe be 
short, a greater height must be allowed.* The 
temperature to which the air surroimding the 
pipes is to be raised will also modify the result ; 
for on this will depend the quantity of heat given 
out by the pipes jt?^ minute^ which likewise aflGects 
the temperature of the descending pipe. (Art. 
222.) 

(27.) Under such a great diversity of circum- 
staiices, it would be difficult to form a rule for 
estimating what ought to be the height of the 
ascending pipe in such cases ; because, not only 
are these circumstances different in each appa- 
ratus, but they likewise differ, in some respects, 
in the same apparatus in the different stages of its 
working. The difficulty is also increased by not 
being able to fix on an absolute minimum measure- 
ment, which is sufficient, imder all circumstances, 
to cause a circulation of the water in the common 
form of the apparatus. There have been instances 
where apparatus have succeeded, though con- 

* This applies merely to the possibility of producing motion, 
and not to the resulting velocity of the circulation. For it 
must be borne in mind that, although in every case, by in- 
creasing the length of the pipe, or by reducing its diameter, 
we cause the water to assume a greater difference of tempera- 
ture between the ascending and the descending columns, and 
thereby increase the circulation, still, in both these cases, we 
greatly increase the friction, which therefore considerably 
detracts from the advantages gained by this greater differ- 
ence of temperature. For as the friction is a certain quan- 
tity, compounded of the square root of the length of the pipe 
directly, and the diameter of the pipe inversely, it follows 
that &e friction may become so great, by increasing the 
length and reducing the diameter, as completely to neutralize 
all beneficial effect; for unless the circulation is moderately 
active, the apparatus will be of such unequal temperature as 
to render it nearly useless. The utmost caution is therefore 
necessary, in order that the friction may not become so great 
as to interfere with the due circulation of the water. 



^ 
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structed on the very worst principles, in conse- 
quence of various circumstances having favoured 
the result. Thus in an apparatus constructed as 
fig. 8, where the pipes 
were not more than ^<*- &• 

three inches apart, the 
water circulated with 
perfect freedom; but 
in this case, not only 
was the pipe of considerable length, and without 
angles or turns, but the size of the pipe was only 
two inches diameter, so that the water cooled 
twice as fast as it would have done had pipes of 
four inches diameter been used (Art. 61). It is, 
however, quite certain that such a distance be- 
tween the pipes, at their insertion into the boiler, 
as that wnich has just been described, is in- 
suflScient, under ordinary circumstances, to give a 
steady and good circulation. But when the two 
pipes are about 12 inches apart, at the place 
of their insertion into the boiler x /, fig. 3, which 
is 16 inches from centre to centre when the dia- 
meter of the pipe is four inches, it will be sufficient 
to produce a good circulation for almost any ordi- 
nary length of pipe, when it is not required to 
dip below the horizontal level. If this be con- 
sidered as the minimum height, which, under 
ordinary circumstances, will obtain a good circu- 
lation when the pipes are not required to dip 
below the horizontal level, then an average height 
can be estimated for enabling any vertical decli- 
nation of the pipes to be made. 

(28.) When the pipe dips below the horizontal 
level, the height of the ascending pipe should 
generally be just so much greater than the above 
dimensions, as the depth which the circulating 
pipe is required to dip below the horizontal level ; 
bearing m mind the circumstances mentioned 
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(Art. 26), which modify the general results.* 
Thus, suppose the depth of the dip, shown by the 
dotted line a A, fig. 9, to be 24 inches, then the 
distance y z ought to be 40 inches, if the pipes be 
four inches diameter ; that is, 36 inches fipom cen- 
tre to centre, or 40 inches from the top of the pipe 
y to the bottom of the pipe a? ; and with these 
dimensions, as good a circulation will be obtained 
(excepting the friction from the additional elbows) 
as when the distance between the top and bottom 
pipes is 16 inches from centre to centre, in the 
common form of the apparatus. It will be ob- 

FiG. 9. 




served that, by this arrangement, the distance e d, 
from the under side of the flow-pipe to the upper 
side of the return-pipe, is just 12 mches, whidi is 
the same height that was stated to be necessary to 
insure a good circulation, on the ordinary plan, 
without a vertical dip. The reason why this 
height is sufficient in the present case, notwith- 

* So greatly, in fact, do these dioumstances affect the 
general result that it is very possible, in particular circum- 
stancesy to make the water descend below the bottom of the 
boiler to a considerable depth without stopping the circulation. 
It is tiierelbre erident that the dimensions which are here 
given for the height of the ascending pipe, relative to the dip, 
must not be taken as an absolute mmunum, but simply as a 
general rule, which will succeed in all cases. See Art 30 
and 31. 
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standing the increased friction of the angles, is be- 
cause there must always be a greater diflFerence 
between the temperature of e and / than between 
either g and A, or between i and *, or even more 
than between both these together ; therefore the 
tendency to direct motion is greater than towards 
retrograde motion, in proportion to this diflFerence, 
and is sufficient to overcome the increased friction 
caused by the vertical declination ; while the ad- 
ditional neight of 12 inches beyond the height of 
the dip, possessed by the descending pipe /, is 
suflScient to produce circulation of the water. If 
g and A, and also i and *, were very wide apart, 
say 40 or 60 feet, instead of being, as usual, only 
about three or four feet, the balance of eflfect, 
though still in favour of direct motion, would not 
be so great as in the last supposed case ; because 
there would be a greater difference in temperature 
between g and h (that is, h would be heavier than 
g in a greater degree), which would give a greater 
tendency to retrograde motion. In many cases, 
therefore, it will be advisable to make the ascend- 
ing pipe somewhat higher in proportion to the dip 
than is here stated, particularly when there are 
several such alterations required in the level of the 
pipes ; and, in all cases, as has been before ob- 
served, the higher the ascending pipe is made, the 
more rapid will be the circulation, and, therefore, 
the more perfect the apparatus will become. 

(29.) The remarks which have been made with 
respect to the height of the ascending pipe, rela- 
tively to the vertical declination, or dip, below the 
level of the horizontal pipe, applies to all the usual 
forms which are given to the apparatus. But 
there are peculiar arrangements which may be 
adopted that %vill allow the dip of the circulating 
pipe to be much greater than me proportion which 
has here been stated ; for, in some cases, the dip 
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pipes may even pass below the bottom of the 
boiler to a considerable depth, without destroying 
the circulation ; and, from the very extensive use 
that is now made of the hot-water apparatus for 
heating buildings of every description, it is very 
desirable to examine this part of the subject at 
some length, as its application will, in many cases, 
entirely depend upon the possibility of making 
the pipes descend below the boiler. 

(30.; In an arrangement of pipes such as fig. 10, 
the circulation will depend entirely upon the quan- 
tity of heat given off by the coil c ; for it is evident 
that when the boiler b and pipe a are heated, 
the direct motion will arise in consequence of the 
greater weight of 
the water in the coil ^<*- 1^- 

c and pipe rf, above ^^ 
that which is in the 
boiler and pipe, b a. 
But as the water in 
in the pipe e, below 
the dotted line, will 
be lighter than that 
in the pipe /, the 
tendency in that 
part of the apparatus 
will be towards a 
retrograde motion. 
The result of these 

two forces will be that if the water in the whole 
length of pipe w n? is heavier than that of the 
whole length, y ar, in a sufficient degree to over- 
come the increased friction, circulation of the 
water will take place ; and the velocity of motion 
will depend upon the amount of this difference in 
weight. 

(31.^ Another form, though somewhat more 
complicated, may be given to this arrangement 
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Fig. 11. 




of the apparatus. In fig. 11^ b represents the 
boiler; and the effective or direct motion is, in 
this case, caused by the water in the coil and pipe 

c d being so much 
heayier than that 
in the boiler and 
pipe, B a, that it 
overcomes the re- 
trograde motion 
which is produced 
by all the other 
parts of the appa- 
ratus. Thus the 
water in ^ A, be- 
ing heavier than, 
that in % Ar, and 
that in ^ / (below 
the dotted line) being lighter than that in / m, 
has in both cases a tendency to retrogression; 
and this will be more considerable in proportion 
as the pipes i Ar, and g hj &c., are more distant 
from each other. The motive power, therefore, 
entirely depends upon the quantity of heat given 
off by the coil ; for the water must be cooled down 
many degrees, in order to give it a suflScient pre- 
ponderance over the water in b a, to cause a cir- 
culation ; and the circulation must necessarily be 
very slow, and, therefore, the temperature very 
unequally diffused. 

If the coil, in the last two figures, be placed in 
any lower position than is here shown, the effect 
will be proportionately less in producing circula- 
tion ; and if placed below the dotted lines, it 
would be scarcely possible to obtain any circulation 
at all. Nor would there be any circulation if the 
coil were omitted, because the mere descent of the 
water through a straight pipe would not cool it 
sufficiently to give the necessaiy preponderaace 
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to the descending column, unless some other con- 
trivance for the purpose of cooling the water to an 
equal extent were adopted. 

(32.) The principle which governs the circula- 
tion in these last-mentioned cases is capable of 
many applications. And it must be remembered 
that, as a coil of pipes produces an enormous 
degree of friction in the fluid passing through it, 
which must be overcome before circulation can be 
produced, a smaller difference of temperature 
between the ascending and descending columns 
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would produce circulation, if the apparatus were 
contrived so as to cause less friction to the fluid 
passing through it. 

In an apparatus constructed as fig. 12 the water 
rises directly from the boiler into an open cistern, 
A ; and it then descends through the pipe b, which 
communicates with the bottom or the side of this 
cistern. In cases of this kind it has been gene- 
rally assumed that the water will descend as far 
hehw the boiler as the rising pipe and the cistern 
are above the boiler ; and, practically, it is often 
found that this is the case, though the explanation 
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of the fact must be soiight for among a difiFerent 
class of phenomena than those which merely 
regard the height of the aiscending pipe. 

(33.) The advantage of conveying the water 
into an elevated cistern, as shown in the last 
figure, appears to be twofold.* It allows the 
freest escape of air and of steam, either of which 
would prevent the circulation, if it lodged in the 
part of the apparatus a, y, e, in fig. 11 ; and which 
part is in fig. 12 occupied by the open cistern. 
This cistern also facilitates the circulation, by 
increasing both the actual as well as the relative 
weight of the descending column of water ; because 
no part of the descending pipe B can possibly con- 
tain steam, as the water will remain in the cistern 
A until it has become colder than that in the pipe 
E, and boiler r ; and it is evident that, by sucn an 
arrangement as fig. 12, this difference of tempe- 
rature must constantly increase, after heat is applied 
to the boiler, until it becomes sufficient to give a 
preponderance to the water in b ; and even if the 
heat were sufficient to raise steam in the pipe e, 
this would only still increase the effect, instead of 
diminishing or even wholly stopping the circula- 
tion, as would be the case with an apparatus like 
fig. 11, under similar circumstances. 

(34.) Many other arrangements of the apparatus 
answering the same purpose as these last three 
figures might be contrived ; but while these forms 
are advantageous when difficulties of adaptation 
have to be surmounted, it mujst not be imagined 
that they are recommended above the more simple 
forms shown in figs. 3, 7, and 9. It requires great 
judgment in adopting some of these complicated 
arrangements ; tor many causes may interfere to 

* The Marquis de Chabannes was the first to employ an 
elevated cistern in this way, and it is described in his pamphlet, 
published in 1818, on << Warming and Ventilating BuUdings/' 
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prevent complete success ; and it is sometimes so 
very difficult to detect the various causes of inter- 
ference, and the impediments which arise are 
often, apparently, so insignificant in their extent, 
that even when ascertained they are frequently 
neglected. Those, however, who bear in mind 
how small is the amount of motive power in any 
apparatus of this description, will not consider 
as unimportant, any impediment however small, 
which they may detect ; but, in the more com- 
plicated forms of the apparatus, so many causes 
become operative, that tne reason of fiiimre may 
sometimes elude the detection of even an expe- 
rienced practitioner. 

J 35.) It has occasionally occurred that the cir- 
ation of the water in an apparatus has been 
reversed, the hot water passing along what should 
be the return-pipe, and the colder water following 
the course of the flow-pipe. This effect has some- 
times been exceedingly puzzling ; but it will be 
found to arise in those apparatus which have but 
small motive power, and m which the principle 
has not been followed out of making the water rise 
to the highest point of the apparatus as soon as 
possible, and allowing it, in its return to the boiler^ 
to give out its heat to the various pipes, coils, or 
other distributing surfaces which it is designed to 
heat. If the opposite course to this be adopted, 
the Motion in the pipes often becomes so con- 
siderable that the direct and natural action of the 
ascending column is altered, and the hot water, 
meeting less resistance by passing through what^ 
ought to be the return-pipe, converts it at once 
into a flow-pipe, and entirely reverses the ordinary 
action of the apparatus. This is particularly 
liable to occur in boilers which have but little 
depth ; and it sometimes happens that the appa- 
ratus, when constructed in this way, will operate 
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most capriciously, the circulation sometimes being 
direct and sometimes retrograde, and sometimes 
stopping altogether. Whenever, therefore, the 
pipes rise to any considerable height above the 
boiler, it is very desirable that the most direct 
route should be provided for the water to flow 
first to the highest elevation, after which, in its 
return to the boiler, it may be made to pass 
through the various pipes, coils, and other heat- 
distributing surfaces, which will thus secure its 
most efficient action and the most perfect cir- 
culation. 

(36.1 The distance through which the water 
will circulate in a hot-water apparatus is very 
great ; its limit has not yet been ascertained, and 
probably never will be, as it must depend upon 
many circumstances totally differing in almost 
every apparatus. The higher the water rises 
above the boiler, the greater is the length through 
which it may afterwards be made to circulate; 
and many apparatus are successftdly working 
where the water circulates through several hundred 
feet of pipe, in a continuous course, before it again 
returns back to the boiler to be reheated. In 
general, however, it is very desirable to shorten 
this circulation as much as possible, and an appa- 
ratus will always be more efficient if it can be so 
arranged, by altering the position of the boiler, or 
the disposition of the pipes, that the water shall 
run through two or more distinct and short cir- 
culations, rather than through one long one. Nor 
is this at all at variance with what has been pre- 
viously stated about the velocity of circulation 
being increased by lengthening the circulating 
pipe (Art. 19), JFor while impediments to the 
circulation may be overcome by a considerable 
difference of temperature in the flow and retmTi- 
pipe, the apparatus will always be more efficient 
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when the temperature of the various parts of the 
apparatus does not very widely diflfer. 

(37.) When an apparatus is so constructed that 
the boiler is considerably below the pipes or 
other surfaces giving out heat, the circulation is 
sure to be very rapid, and the greatest effect 
will always be obtained by making the circulation 
as short as possible, so as to have as little differ- 
ence as may be in the temperature of the flow- 
and the return-pipe ; but when, on the other hand, 
the pipes and boiler are nearly on a level, it is 
frequently necessary that a greater difference shall 
exist between the temperature of the flow and 
return-pipes, in order to produce a good circu- 
lation, and to overcome any obstructions arising 
from dips in the pipes or any other disturbing 
cause. 

(38.) The necessity for making provision for the 
escape of the air from the pipes has already been 
mentioned. It may be observed that, in such 
forms of the apparatus as are described in the last 
four figures, the difficulty of its expulsion is much 
increased, as there are several points where it will 
collect and stop the circulation, unless proper 
means be taken to prevent this result. In the 
apparatus, fig. 9, the air will collect at three 
points, /, w, and n ; and the nature of the outlets 
provided for its escape will depend, in some 
measure, upon the plan adopted for supplying the 
apparatus with water. It frequently requires the 
greatest care and the closest attention to discover 
where the air is likely to lodge, as the most 
trifling alteration in the position of the pipes will 
entirely alter the arrangements with respect to 
the air-vents. Wajit of attention to this has been 
the cause of innumerable &ilures ; and the dis- 
covery of the places where the air will accumulate 
is, occasionally, a matter of some difficulty. For 
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although it be true, in a general sense, that the 
air will rise to the highest paxt of the apparatus, 
it will jfrequently be prevented getting to those 
parts by alterations in the level of the pipes, and 
by other causes. This is the case at w, fig. 9, 
where, it will be seen, the air which accumulates 
in that part of the apparatus is prevented jfrom 
escaping to a higher level, by the vertical angle 
at /on the one side, and i on the other. In the 
apparatus, fig 11, the air will accumulate at y and 
at w, and must be carried off by proper outlets ; 
and in every case provision must be made for the 
air to pass, either by a level pipe or by ascend- 
ing graaients, for in no case can it be made to 
pass downwards (however small the extent) in its 
passage to the vent provided for its escape. 

(39.) When a boiler is open at the top, or merely 
has a loose cover laid on it, no particular care is 
necessary respecting the supply of water. It can 
generally be poured in at the boiler, taking care 
not to fill it quite fiill, so as to allow for the ex- 
pansion of the water when heated, as otherwise it 
will overflow* But when, as in figures 7, 9, 10, 
11, and 12, the boiler is close at the top, it is 
usual to place a supply cistern on a level with, or 
above the highest part of the apparatus, so as to 
keep it always ftdl of water. But as water ex- 
pands about A part of its bulk, when it is heated 
from 40*^ (the point of its greatest condensation) to 
212**, it is indispensably necessary to provide for 
a part of the water returning bacK to the supply 
cistern when this expansion takes place. The 
cistern, however, need not contain so much water 
as -h part of the whole contents of the apparatus ; 
for it is found, in practice, that a much less quan- 
tity than this returns back into the cistern on the 
apparatus being heated. This arises from the 
fact of the water not reaching to so high a tern- 
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perature as 212^, and also in consequence of its 
being generally at a higher temperature than 40® 
before it is heated, and by both these causes the 
expansion is considerably lessened ; for if the water 
be raised fix)m 60** to 180**, the expansion will only 
be about A part of its bulk, and the expansion of 
the iron itself, by giving an increased capacity to 
the apparatus, will also tend still further to di- 
minish the quantity of water returned back into 
the cistern. A very good proportion for general 
purposes is to make the supply cistern contain 
about A» of the whole quantity of water in the pipes 
and boiler ; though, for the reasons above stated, 
a smaller size wUl answer in many cases, where 
economy or convenience requires it to be reduced, 
A table is given at the end of this volume, show- 
ing the contents of pipes of all sizes, and which 
will enable any one easily to ascertain the correct 
size of these expansion and supply cisterns for any 
apparatus. 

(40.) The usual plan for a supply cistern is 
shown at A, in fig. 13. The cistern is placed in 
some convenient situation, and then attached, by 
a small pipe, to any part of the apparatus — ^usually, 
to the lower pipe, as it is then less likely to allow 
of the escape of va- 
pour than if it were ^^^;:^^ ^^<*- i^- 
fastened to the top of 
the boiler. But a still 
better plan is to bend 
the pipe, attached to 
the cistern, into the 
form shown by x y, 
which is a preventive to the escape of any heat 
or vapour at that part, as the legs of the siphon 
X generally remain quite cold. 

(41.) One very important part of the subject of 
expansion is the necessity which exists for allow- 
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ing sufficient room for the elongation of the pipes 
when they become hot. Want of attention to this 
has caused several accidents ; for the expansive 
power of iron, when heated, is so great, that 
scarcely anythmg can withstand it. The linear 
expansion of cast iron, by raising its temperature 
from 32^ to 212^ is -001 1111, or about ^^ part of 
its length, which is nearly equal to If inches in 
100 feet. Therefore it is necessary to leave the 
pipes unconfined, so that they shall have free 
motion lengthways, to this extent at least; and 
instead of confining them, as sometimes has been 
done, facilities should be provided for their free 
expansion, by laying small rollers under them at 
various points ; for as the contraction on cooling 
is always equal to the expansion on heating, un- 
less they can readily return to their original 
position when they become cool, the joints are 
very likely to get loose, and to become leaky. 
These rollers may be made simply of a piece of 
rod iron, about half inch or five-eighths of an 
inch diameter, which may be fixed in a frame 
to support the pipes, or tney may lie loose on a 
stone or brick pier, the pipes being supported by 
this means at about every alternate joint. 
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CHAPTER III. 

On the BesiBtance by Eriction — ^Relatiye size of Main-Pipes 
and Branch-Pipes — ^Vertical Main-Pipes — Small connectiDff 
Pipes — Branch-Pipes at different Leyels — Stop-cocks and 
Yalves — Their Use and proper Size— Their place supplied 
by Cisterns — Inconyenienoe of them — Bemedies. 

(42.) When treating, in the preceding chapter, 
on the velocity of the circulation of water, it was 
observed that the theoretical velocity is always 
considerably reduced by friction. Although the 
calculation of the friction of water, in passing 
through pipes, is intricate,* the relative friction 
for different sizes of pipes is easily ascertained ; 
and this appears to be nearly all that it is neces- 
sary to be acquainted with for the puipose of the 
present inquiry. 

The friction occasioned by water passing 
through small pipes is very much greater than in 
those which are larger. This arises from two 
causes — ^the increased surface with which a given 
quantity of water comes into contact by passing 
through a small pipe, and the greater velocity 
with which the water circulates, in consequence 
of losing more heat per minute.f 

(43.) The relative friction for different sizes of 
pipes, when the velocity with which the water 

• See Art. 22. 

f See Chap. lY., Art. 61. This latter remark of course 
only applies to water circulating in a hot-water apparatuR : the 
former applies to aU cases of hydraulics. 

E 2 
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})asses is the same in all, may be seen in the fol- 
owing table : — 

Diameter of Pipes (, 1, 2, 3, 4 inclies. 
Friction . 8, 4, 2, 1-3, 1. 

Taking the friction, in pipes of four inches dia- 
meter, as unity, that of a pipe two inches diameter 
is twice as much, and a one-inch pipe four times 
as much as the pipe of four inches ; the friction 
being as the surface directly^ and the whole quan- 
tity of water inversely.* 

?44.) The friction which arises from increased 
velocity is nearly as the square of the velocity ; but 
this calculation it is unnecessary to enter into 
here, because the velocity of circulation of the 
water, in a hot-water apparatus, is constantly sub- 
ject to fluctuation : for as the friction increases 
with the velocity of circulation, so the velocity is 
checked by the increased friction ; and it finally 
assumes a mean rate, proportioned to the friction 
on the one hand, ana the theoretical velocity on 
the other, calculated according to the rule (Art. 
21) in the preceding chapter. 

(45.) Gosely connected with the subject of 
friction is the question of the proper size for 
leading or main pipes. It has been supposed by 
many persons that, where two or more circulating 
pipes are attached to one main-pipe, the area or 
section of the main-pipe ought to be equal to the 
sum of the areas of all the branch-pipes. This 
has led to the most inconvenient arrangements 
having been resorted to in particular cases. In 
some instances, pipes as large as nine inches dia- 
meter have been used for the main-pipes, where 
those of four inches would have answered the 
purpose infinitely better; and other proportions 
equally erroneous have frequently been aaopted. 

* Dr. Young's Hydraulics, NiohoUon^B Journal^ vol. iii., p. 31. 
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(46.) It has been already explained (Art. 23), 
that the motion of water is more rapid m an up- 
right than in a horizontal pipe. If four branch 
pipes be supplied by one upright main-pipe, this 
latter need be very little, if any, larger than the 
circulating pipe ; but if only two, or even three, 
branches are to be supplied by one main-pipe, it 
will be quite unnecessary in ordinary cases that 
the upright main-pipe should be any larger than 
the branches, unless the length of tne horizontal 
pipe be unusually great. If the branches exceed 
this number, it may be desirable to increase the 
diameter of the upright main-pipe, in a moderate 
degree ; but the motion of the water through it, 
however, will be just so much the more rapid in 

Sroportion as there are more branches for it to 
ischarge the water into. For it is evident that, 
if the outlet from the boiler be by a pipe four inches 
diameter, the flow of water will be more impeded, 
than if a pipe of six inches diameter were used ; 
and the water will therefore become specifically 
lighter in the boiler than in the descending pipe, 
in a greater degree in the former case than in the 
latter ; and this will consequently cause a more 
rapid circulation through the apparatus. But, 
though the friction of the water will be greater in 
the ascending pipe by this arrangement, yet it will 
not be of importance, except when very small pipes 
are used ; for the friction is extremety small in a 
vertical pipe to an ascending current of water. 
As a general rule, it may be observed, that all 
horizontal leading pipes require to be much larger 
in proportion to the branches than is requisite 
with vertical leading pipes, in conse(][uence of the 
friction being so exceedingly small m the latter 
case. 

(47.) Another advantage will arise from this 
arrangement, in consequence of a small pipe, under 
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these circumstances^ losing less of its heat than a 
larffe one. For, suppose four branch-pipes, four 
inches diameter, are to be supplied by one main- 
ipe; one pipe of eight incnes diameter would 
ave the same sectional area as the four pipes of 
four inches diameter ; but if, instead of being eight 
inches diameter, the main-pipe be made only four 
inches diameter, then the water must travel four 
times faster through this, pipe than it would do 
through the one of eight inches diameter, in order 
to supply the same quantity of heat to the branch- 
pipes. This it will do very nearly ; and it may 
easily be deduced that, under these circumstances, 
the water will only lose one-half as much heat by 
passing through the small pipe as it woxdd in 
passing through the larger one ; for the loss of 
heat which the water sustains is directly as the 
time and the surface conjointly.* 

(48.) On the same principle, it will frequently 
be found exceedingly convenient, when two rooms 
or buildings somewhat distant from 6ach other 
are required to be warmed by one boiler, to make 
the connecting pipe between them much smaller 
than the pipe used for radiating the heat to warm 
the buildings.. For, on the principle already men- 
tioned, there will be a saving as well of heat as 
in the cost of the. apparatus, by reducing the size 
of the pipe in that part which is not required to 
give off heat, but which is merely used to connect 
different parts together, f In this manner, a pipe 
of one inch diameter may frequently be made to 
supply a pipe of four inches diameter; and it will 
sometimes be foimd convenient to connect pipes 

* See Chap, xii., Art. 270. 

t As all alterations in the size of the pipe, either by enlarg- 
ing or contracting its diameter, materially alter the velocity of 
the circulation of the water, care should be talren that these 
alterations be not made capriciously, and without some decided 
advantage appears to be attainable by so doing. Yentmi 
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of large diameter with the boiler by this means, 
when the total length of pipe is not great. For it 
must always be borne in mind, that the size of the 
leading or main pipes ought to bear some propor- 
tion to the total quantity of water that is required 
to pass through mem ; and while it might be ex- 
tremely convenient, in particular instances, to con- 
nect pipes of four inches diameter to the boiler, by 
the intervention of small pi^es of one-inch bore, 
when the total quantity of pipe is small, it would 
be a fatal mistake to adopt the same arrangement 
if three or four hundred feet of large pipe were 
connected to a boiler by means of so small a pipe 
as is here stated ; and, therefore, the connecting 
pipe ought to bear some proportion to the total 
quantily of water that has to pass through it, 
being larger in diameter when the quantity of 
water contained in the apparatus is greater, and 
smaller when the quantity of water is less. 

(49.) Very important results frequently arise 
from errors with respect to main-pipes which are 
placed vertically, in consequence ofthe great velo- 
city with which the water circulates through such 
pipes. It frequently happens that the pipes which 
branch out from an upright main-pipe are required 
to circulate at very different heights ; as, for in- 
stance, in warming the several floors of a ware- 
house or manufactory. In this case, two methods 
may be adopted : the pipe may either rise to the 
highest floor or level first, and, after passing round 
such uppermost room, descend and circulate round 
that which is below it; then proceed to the 

found by experiment that enlargements in a pipe reduced the 
velocity of discharge as follows : — ^When a given quantity of 
water was discharged through 

A straight pipe in . .109 seconds, 

A pipe with one enlargement required 147 ,, 
„ three . . . 192 „ 

five ... . 240 „ 
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next lowest, and so on, till it finally returns again 
to the boiler; or each floor may have a sepa- 
rate range of pipes branching off from the main- 
pipe, and finally returning, either together or 
separately, into the boiler. In the first of these 
cases it is obvious that the temperature will be 
very much greater in the higher floors than in the 
lower, unless the quantity of pipe, or other radi- 
ating surface, be very unequally distributed. For 
the water, by having passed through a great length 
of pipe before it reaches the lower rooms, will be 
much reduced in temperature, and the upper rooms 
will be heated long before the others become at all 
warm ; and at all times the temperature will be 
very unequal. To obviate this, each floor shoidd 
be warmed separately by its own range of pipes. 
But this requires particular management; for, if 
the several pipes merely branch out sideways from 
a vertical mam-pipe, the whole of the hot water 
will rise to the upper pipe, and leave all the lower 
lateral branches without causing any circulation of 
hot water through them. In order to avoid this, 
it is necessary either to have a separate pipe rising 
directly from the boiler for each floor, or some 
means must be adopted to check the water in its 
upward course through the vertical main-pipe 
when only one is used for several different floors. 
In fig. 14 it will be perceived that the water which 
passes up the pipe b receives a check at b, and 
thereby, of course, fiicilitates the flow of water 
through the first horizontal pipe, which wotJd 
otherwise have been left stagnant. The same 
occurs also at c for the same reason ; and by this 
means a nearly equal flow of hot water may be 
obtained; while, had the supplying main from 
the boiler passed directly upwards in a perfectly 
straight line, all the hot water would have passed 
at once into the upper pipe, and the lower ones 
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would have been left comparatively cold. But 
even with this arrangement, it is extremely diffi- 
cult sometimes to prevent all the hot water passing 
up to the upper 

floor, and leavmg "Pio. 14. 

the lower floors 
unheated. It is, 
therefore, often- 
times very ne- 
cessary to make 
a distmct rising 
pipe for the lower 
floors, in order to 
equalize the flow 
of hot water to 
the different le- 
vels. The upper 
mainpipesshould 
likewise be of 
smaller size than 
the lower ones; 
and if one main 
only be used, it 
is very desirable 
consiaerably to 

reduce the size as it passes upwards, com- 
mencing perhaps with 4-mch pipe for the first 
floor, reducing it to 3 inches as it passes upwards 
to the second floor, and then reducing it still 
further in size as it leads upwards to me third 
floor. And unless some such contrivance be used, 
it is almost impossible to prevent the whole of the 
hot water passing to the upper floor first, and 
making a most defective circulation in the lower 
ranges of pipes. 

(50.) It is perfectly immaterial how many pipes 
lead out of or into the boiler ; but it will generdly 
much simplify the apparatus if branch-pipes lie 
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used, as in fig. 14, instead of making several 
separate outlet pipes, and various inlet pipes to 
the boiler. 

Very frequently it happens that several branch- 
pipes are required fi:om the boiler, to circulate 
nearly at the same level — particularly in horti- 
cidtural buildings, where two or three hothouses 
are required to be wanned by one boiler. This 
seldom presents any difficulty, unless it be required 
occasionally to stop off certain of these houses, 
while the others are heated. In these cases, a 
complicated and expensive arrangement of cocks 
or valves become necessary. But here the rule, 
which has already been given (Art. 46 and 48), 
for connecting pipes may likewise be followea, 
where stop-cocks are required occasionally to shut 
off the communication between different parts of 
an apparatus, so as only to warm one particular 
room or part of a buildmg. The cocks used for 
this purpose need not always be so large as the 
bore of the pipes. Some judgment, however, 
must be exercised in all such cases ; for, both with 
connecting pipes and cocks, if the size be very 
disproportionate, the free circulation of the water 
will of course be impeded. In many cases a cock 
of two inches diameter will be sufficiently large to 
use with pipes of four inches diameter ; and a cock 
of one and a half inch diameter, with pipes of 
three inches diameter : but, for very small pipes, 
the relative proportions should perhaps be more 
nearly equal to the size of the pipes, on account 
of the increased friction. And it should be ob- 
served, that when an apparatus has but an in- 
different circulation, this alteration in the bore of 
the water-way will be ver}^ objectionable, and 
likely still further to impede it, though the exact 
result will depend upon a variety of causes, for 
which it is not easy to lay down a general rule. 
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In such an arrangement of pipes as in fig. 14, it 
is frequently desirable to use small-sized cocks or 
valves, for the purpose of checking the flow of 
water in particular directions; while in an ap- 
paratus like fig. 9 the same proportionate size of 
cocks might be very injudicious, and greatly im- 
pede the circulation. 

(51.) When cocks or valves are used to stop off 
the circulation of a particular part of the appara- 
tus, it is not sufficient merely to stop the upper or 
flow pipe ; but the corresponding pipe which re- 
turns the water to the bouer must also be stopped, 
otherwise the hot water will circulate backwards 
through the return-pipe, and pass into the flow- 
pipe, and thus the whole wiU become heated. 
This more particularly applies to those cases 
where the boiler is placed at any considerable 
depth below the circulating pipes; for then, as 
already stated, the circulating power will be much 
increased. But it may be laid down as a general 
rate, that where the circulation is tolerably good, 
it is not enough to place a cock or valve on the 
flow-pipe alone ; but the return-pipe requires to be 
stopped also. Cases undoubtedly sometimes bccur 
in which a valve or cock placea in the flow-pipe 
will ^effectually shut off the circulation, without 
also putting one in the return-pipe; but it will 
generally be foimd that in these instances the 
boiler is either too small for its work, or that it 
is not worked at its fiill power, or that there is 
something peculiar in the arrangement which ren- 
ders the portion of the circulation thus stopped 
off naturally more sluggish and inert than the 
rest of the apparatus ; and therefore a very small 
obstruction will be sufficient to stop entirely the 
circulation through it. But in almost all the 
apparatus which have a good circulation and a 
boiler sufficiently powerful, it will be found neces- 
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sary to stop the return-pipe as well as the flow- 
pipe, in order effectually to shut off the circula- 
tion. 

J 52.) In order to avoid the expense of cocks or 
ves in these cases, an open cistern, as in fig. 15, 

has sometimes 
^^- ^^' been used. 

From this cis- 
tern all the 
several flow- 
pipes are made 
to branch out; 
and then, by 
placingawood 
plug into any 
one or more 
of these pipes, 
the circulation will be stopped in those particular 
pipes until the water throughout the whole ap- 

Saratus becomes heated, when it will generally 
ow back through the return-pipe, as above men- 
tioned. This inconvenience, however, may be 
prevented by such a contrivance as shown in the 
return-pipe of fig. 15, which is simply an inverted 
siphon of a few inches in depth. This will not 
prevent the circulation when iJie flow-pipe remains 
open ; but if that be closed by a plug m the cis- 
tern, then the hot water will not return back 
through the lower pipe. This inverted siphon, 
however, will, in process of time, be liable to be 
choked up with dirt, which will accumulate in the 
lower part of the bend ; and, for the purpose of re- 
moving this, it will be necessary to make a cap 
or covering to the lower part of it, which can be 
removed at pleasure, for the purpose of clearing 
away any sediment that may accumulate. These 
cisterns, however, when thus used, are at best but 
a clumsy way of supplying the place of cocks or 
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valves. The latter are sometimes made to stop off 
both the flow- and retxim-pipe at one operation ; 
but, in whatever way they are arranged, they are 
generally one of the most troublesome parts of 
the apparatus, as cocks and valves of all kmds are 
liable to get out of repair unless they are in the 
hands of those who perfectly understand them, and 
will keep them in proper order, 

(53.) Though some of the propositions respect- 
ing the relative sizes of connecting pipes, main- 
pipes, and cocks may appear to be at variance 
with the laws of hydraulics, they will neverthe- 
less be foimd correct; because several of the 
effects are to be referred either entirely to hydro- 
static laws, or to a complicated result of hydro- 
dynamics; and therefore they are npt to be 
judged of by simple hydraulic principles : they 
rest, not on mere hypothesis, but may be relied on 
as practical results obtained under almost every 
vanety of circumstances, and too fully tested to 
admit of any doubt of their accuracy. 
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CHAPTER IV. 

Permanence of Temperature — ^Eates of Ckwling for different 
sized Bodies — ^Pfoper Sizes for Pipes — ^Eelative Size of 
Pipes and Boiler — ^Various Forms of Boilers, and their 
Peculiarities— Boilers heated by Gtis— Objections against 
contracted Water-way in Boilers— Proper Size of Boilers 
for aAy given lengtlis of Pipe — ^What constitutes a good 
and efficient Boiler — ^Durabiiiiy of different Materials for 
Boilers. 

(54.) One of the greatest advantages which 
the plan of heating by the circulation of hot 
water possesses over all other inventions for dis- 
tributing artificial heat is, that a greater per- 
manence of temperature can be obtained by it 
than by any other method. The difference be- 
tween an apparatus heated by hot water and one 
where steam is made the medium of commimi- 
eating heat, is not less remarkable in this parti- 
cular than in its superior economy of fuel. 

(55.) It seldom happens that the pipes of a 
hot-water apparatus can be raised to so hig^h a 
temperature as 212^; and, in fact, it is not desir- 
able to do so, because steam would then be 
formed, and would escape fix>m the air-vent or 
safety pipe, without a£rc)rding any usefiil heat. 
Steam-pipes, on the contrary, must always be at 
212^ at the least, because, at a lower temperature, 
the steam will condense. A given length of 
steam-pipe will therefore afford more heat than 
the same quantity of hot-water pipe : but if we 
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consider the relative permanence of temperature 
of the two methods, we shall find a very remark- 
able difference in fevour of pipes heated with hot 
water. 

(56.) The weight of steam at the temperature 
of 212®, compared with the weight of water at 
212®, is about as 1 to 1^94 ; so that a pipe which 
is filled with water at 212® contains 1694 times as 
much matter as one of equal size filled with steam. 
If the source of heat be cut off fi*om the steam- 
pipes, the temperature will soon fell below 212®, 
and the steam immediately in contact with the 
pipes will condense : but in condensing the steam 
parts with its latent heat; and this heat, in passing 
from the latent to the sensible state, wUl again 
raise the temperature of the pipes. But as soon 
as they are a second time cooled down below 
212®, a further portion of steam will condense, 
and a further quantihr of latent heat will pass 
into a state of heat of temperature ; * and so on, 
imtn the whole quantity of latent heat has been 
abstracted, and the whole of the steam con- 
densed, in which state it will possess just as 
much heating power as a similar bulk of water 
at the like temperature; that is, the same as a 
quantity of water occupying rA* part of the space 
which the steam originally did. 

(57.) The specific heat of uncondensed steam 
compared with water is, for equal weights^ as 
•8470 to 1 : but the latent heatf of steam being 

* The heat of temperature is that whidi is am>reciable by 
the thermometer ; and the term is used in contradistinction to 
latent heat^ which is not capable of being measured in a direct 
manner by any instrument whatever. 

t The results of different experiments on the subject of the 
latent heat of steam^ although somewhat Tarious,«are yet suffi- 
ciently near for all practic^ purposes. Watt's experiments 
gave 900® to 950°; Lavoisier and Ijaplace, 1000°; Mr. Southern, 
945° ; Dr. Ure, 967° to 1000°; and Count Rumford, 1000°. 
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estimated at 1000®, we shall find the relative heat 
obtainable from equal weights of condensed steam 
and of water, reducing both from the temperature 
of 212® to 60®, to be as 7-425 to 1 ; but for equal 
hulks it will be as 1 to 228; that is, bulk for 
bulk, water will giye out 228 times as much heat 
as steam, on reducing both from the temperature 
of 212® to 60®. A given bulk of steam will there- 
fore lose as much of its heat in one minute as the 
same bulk of water will lose in three hours and 
three quarters. 

(58.) When the water and the steam are both 
contained in iron pipes, the rate of cooling will, 
however, be veir different from this ratio; in 
consequence of the much larger quantity of heat 
which is contained in the metal itself than in the 
steam with which the pipe is filled. 

The specific heat of cast iron being nearly the 
same as water (see Table V., Appendix^, if we 
take two similar pipes, four inches in diameter, 
and one quarter of an inch thick, one fiiUed with 
water, and the other with steam, each at the 
temperature of 212®, the one which is filled with 
water will contain 4*68 times as much heat as 
that which is filled with steam : therefore if the 
steam-pipe cools down to the temperature of 
60® in one hour, the pipe containing water would 
require four hours and a half, under the same 
circumstances, before it reached the like tempera- 
ture. But this is merely reckoning the effect of 
the pipe and of the fluid contained in it. In a 
steam apparatus this is all that is effective in 
giving out heat; but in a hot-water apparatus 
tnere is likewise the heat from the water con- 
tained in the boiler, and even the heat frt)m the 
brickwork around the boiler, which all tends to 
increase the effect of the pipes, in consequence of 
the circulation of the water continuing long after 
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the fire is extinguished ; in fact, so long as the 
water is of a higher temperature than the sur- 
rounding air of the room. From these causes, 
the dLfference in the rate of cooling of the two 
kinds of apparatus will be nearly double what is 
here stated ; so that a building warmed by hot 
water will maintain its temperature, after the fire 
is extinguished, about six or eight times as long 
as it would do if it were heated with steam. 

This is an important consideration wherever 
permanence of temperature is desirable ; as, for 
mstance, in hot-houses, conservatories, and other 
buildings of a similar description : and even in 
the application of this invention to the warming of 
dwelling-houses, manufactories, &c., this property, 
which water possesses, of retaining its temperature 
for so long a time, and the very great amount of 
its specific heat, prevents the necessity for that 
constant attention to the fire which has always 
been found so serious an objection to the general 
use of steam apparatus. 

(59.) The velocity with which a pipe or any 
other vessel cools, when filled with a heated fluid, 
depends principally upon two circxunstances — ^the 
quantity of fluid tnat it contains, relatively to its 
surface, and the temperature of the air by which 
it is surrounded ; or, in other words, the excess of 
temperature of the heated body above that of the 
surrounding medium. The subject of the radiation 
of heat, and the rate at which a heated body cools, 
imder various circumstances, will be fiilly consi- 
dered in another chapter. But for temperatures 
below the boiling point of water, and under such 
circumstances as we are now considering with 
regard to hot- water pipes, the velocity of cooling 
may be estimated simply in the ratio of the excess 
of heat, which the heated body possesses above the 
temperature of the surrounding air. The variation 
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in the rate of cooling, arising from a difference in 
the proportions of the superficies to the mass, is, 
for bodies of all shapes, inversely^ as the mass divided 
by the superficies. Therefore, the relative ratio 
of cooling, for any two bodies of different shapes 
and temperatures, is the inverse numbers obtained 
by dividing the mass by the superficies, multiplied 
by the direct excess of neat above the surroimding 
air ; provided the temperature of the heated bodies 
be below 212®. Thus, suppose the relative ratio 
of cooling be required, for two cisterns filled with 
hot water, one a cube of 18 inches, at the tem- 
perature of 200®; the other a parallelepiped, 24 
mches long, 15 inches wide, and 3 incnes deep, 
at the temperature of 170® ; the surrounding air 
in both cases being 60®. Then, as, 

INCHES. INCHES. 

The cube contains 6832, divided by 1944, the superficies ss 3*0 

The parallelepiped contains . . 1080, do. 954, do. »= 1*13 

The inverse of these numbers is, to call the cube 
1-13, and the parallelepiped 3*0. Then multiply 
1*13 by 140 (the direct excess of temperature of 
the cube), and the answer is 158*2 : iand multiply 
3-0 by 110 (the direct excess of temperature of 
the parallelepiped), and the answer is 330-0 ; 
therefore the parallelepiped will cool, in com- 
parison with the cube, in the proportion of 330 
to 158, or as 2*08 to 1 : so that if it require two 
hours to cool the cube, a half, or a quarter, or any 
other proportional part of its excess of heat, the 
other vessel will lose the same proportional part of 
its excess of heat in one hour. 

(60.) It is evident that these different velocities 
of cooung are quite independent of the eflfect that 
the respective bodies will produce in warming a 
given space ; for as the cube contains six times as 
much water as the other vessel, so it would warm 
six times as much air, if both vessels were of the 



RATE OF COOLING. 67 

same temperature. But if six of the oblong vessels 
were used, they would heat just the same quantity 
of air as the cube ; but the latter would require 
rather more than two hours and a half to do what 
the oblong vessels would accomplish in one hour, 
supposing the temperature to be the same in both 
cases. In the previous example, the temperatures 
are supposed to be diflferent ; otherwise the rela- 
tive ratio of cooling of the two vessels would 
have been as two and a half to one, instead of two 
to one, as stated. 

(61.) In estimating the cooling of round pipes, 
the relative ratio is very easily found, because the 
inverse number of the mass divided by the superficies^ 
which gives the relative cooling for all bodies, 
is exactly equal to the inverse of the diameters. 
Therefore, supposing the temperature to be alike 
in all. 

If the diameter of the pipes be 1, 2, 3, 4 inches, 

The ratio of cooling will be 4, 2, 1*3, 1. 

That is, a pipe of one inch diameter will cool four 
times as fast as a pipe of four inches diameter ; 
and so on with the other sizes. These ratios, 
multiplied by the excess of heat ^hich the pipes 
possess above that of the air, wiU give the relative 
rate of cooling when their temperatures are dif- 
ferent, supposing they are under 212® of Fahren- 
heit : but if the temperatures are alike in all, the 
simple ratios given above will show their relative 
rate of cooling, without multiplying by the tem- 
peratures, mien the pipes are much above 212*', 
as, for instance, with the high-pressure system 
of heating, the ratio of cooling must be calculated 
by the rules given in Chapter XI. 

(62.) The unequal rate of cooling of pipes of 
various sizes, renders it necessary to consider the 
purpose to which any building is to be applied 
that is required to be heated on this plan. If it 

F 2 
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be desired that the heat shall be retained for a 
great many hours after the fire is extinguished, 
then large pipes will be indispensable ; but if the 
retention of heat be unimportant, then small pipes 
may be advantageously used. It may be taken as 
an invariable rule, that in no case should pipes of 
greater diameter than four inches be used, because, 
when they are of a larger size than this, the quan- 
tity of water they contain is so considerable, that 
it makes a great diiference in the cost of fiiel, in 
consequence of the increased length of time re- 
quired to heat them. (See Art. 108.) For hot- 
houses, green-houses, conservatories, and such like 
buildings, pipes of four inches diameter will gene- 
rally be found the best; though, occasionally, 
pipes of three inches diameter may be used K)r 
such purposes, but rarely any of a smaller size. 
In churches and manufactories, &c., pipes of either 
four or three inches diameter will generally be 
found most convenient, in consequence of the diflS- 
culty which almost always occurs of placing a 
suflSicient quantity of pipes of smaller diameter in 
these buildings : but in dwelling-houses pipes of 
two inches diameter will generally be preferable, 
for they will retain their heat sufficiently long for 
ordinary purposes, and their temperature can be 
sooner raised, and to greater intensity, than larger 
pipes; and, on this account, a somewhat less 
number of auperficial feet will suffice to warm a 
given space. 

(63.) In adapting the boiler to a hot-water 
apparatus, it is not necessary, as is the case with 
a steam boiler, to have its capacity exactly propor- 
tional to that of the total quantity of pipe whiwi is 
attached to it : * on the contrary, it is sometimes 
desirable even to invert this order, and to attach 
a boiler of small capacity to pipes of large size. It 
* Bee Chapter IX. on heating by steam. 
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is not, however, meant, in recommending a boiler 
of small capacity, to propose also that it shall be 
of small superficies ; for it is indispensable that it 
should present a surface to the fire proportional 
to the quantity of pipe it is required to heat ; and 
in every case, the larger the surface on which the 
fire acts, the greater will be the economy in fiiel, 
and the greater also will be the effect of the 
apparatus. 

(64.) The sketches of the boilers, figs. 16 to 30, 
are several different forms which present various 
extents of surface in proportion to their capacity. 

All except the first two, however, have but a 
small capacity, relatively to their superficies, com- 
pared with boilers which are used for steam. 
There is no advantage whatever gained by using 
a boiler which contains a large quantity of water ; 
for, as the lower pipe brings in a fi*esh supply of 
water, as rapidly as the top pipe carries the hot 
water off, the boiler is always Kept absolutely fiill. 
The only plausible reason which can be assigned 
for using a boiler of large capacity is, that as the 
apparatus then contains more water, it will retain 
its heat a proportionably longer time. This, 
though true in fact, is not a sufficient reason for 
using such boilers: for the same end can be 
accomplished, either by using larger pipes, or by 
having a tank connected with the apparatus, 
which can be so contrived, by being enclosed in 
brick or wood, or some other non-conductor, as to 
give off very little of its heat by radiation, and yet 
be a reservoir of heat for the pipes after the fire 
has been extinguished. If this tank communicate 
with the rest of the apparatus by a stop-cock, the 
pipes can be made to produce their maximum 
effect in a much shorter time than if this addi- 
tional quantity of water had been contained in the 
boiler ; and a more economical and efficient appa- 
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ratus will be obtained. The circulation will 
likewise be more rapid from a boiler which con- 
tains but a small quantity of water, because the 
fire will have greater enect upon it, and will 
render the water which is contained in it rela- 
tively lighter than that which is in the descend- 
ing or return pipe. 

(65.) The boilers, figs. 16 and 17, are but 
seldom used for hot-water apparatus. Fig. 18 is 
an excellent form of boiler ; it is, in fact, the very 
best boiler for general use that has ever been 
made, and has been far more extensively used 
than any other. It is generally made of wrought- 
iron. Fig. 19 is something similar, though deci- 
dedly inferior, on account of the inconvenience of 
a flat top ; which not only prevents the easy flow 
of the hot-water to the ascending pipe (which 
ought always to be placed on the top), but also 
the flues do not act so efficiently on the flat top of 
this boiler. Fig. 20 is a good boiler, but is test 
for either very small or very large apparatus (and 
not for intermediate sizes), depending on the mode 
of setting ; which subject will be described in the 
following chapter. Fig. 21 is only suitable for 
a very small apparatus. Figs. 22 and 23 (the 
former of which is a section, and the latter an 
elevation) represent a cast-iron circular boiler of 
a very efficient construction, and suitable for 
either a large or small apparatus. Fig. 24 is a sec- 
tion of the boiler known as Rogers's conical boiler ; 
which is a circular boiler, externally resembling 
the fig. 25. The conical boiler has undergone 
much alteration of form since its first invention. 
It was first open at the top, and the fiiel supplied 
there ; this, however, is now supplied at a, and b is 
the smoke flue. Fig. 25 is a copper boiler nearly 
similar to the last, but contrived so as to be used 
without any brickwork. The radiation of heat 
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from this boiler is of course considerable, and is 
generally entirely wasted: though when the boiler 
18 placed inside the room or building to be 
wanned, this loss may be avoided, if the disagree- 
able smell from the heated copper does not render 
it objectionable. It is only suitable for very small 
apparatus. Fig. 26 is a boiler consisting of a 
double row of pipes (of which the external row 
alone is shown), connected at each end by an 
arch, by which the water is supplied to the pipes 
forming the body of the boiler. This boiler heats 
rapidly, but is necessarily very wastefiil of fuel, as 
no flues can be formed m setting it. Fig. 27 is 
a boiler contrived to be used without brickwork, 
and for many purposes is very useful, particularly 
where the heat from the external surface of the 
boiler can be beneficially employed. Fig. 28 is 
another boiler very similar to the last, but can be 
adapted to a much smaller size, as the fire is con- 
tained in a fire-clay receptacle, by which means a 
smaller fire may be made to keep alight for many 
hours without attention ; and by this contrivance 
a very much smaller boiler may be made to act 
efficiently than it otherwise could do. Both these 
boilers answer extremely well. The boilers, figs. 
29 and 30, are more remarkable for their ingenuity 
than for their practical utility, and it is probable 
that the complication of their construction renders 
them peculiarly liable to accidents. 

(66.) It may be here remarked, that boilers to 
be heated by gas have occasionally been used ; 
and perhaps the best application of a gas-boiler is 
to make it of copper, and in form like the upper 
part of fig. 25. When thus used, a burner con- 
sisting of a single or double ring, pierced for a 
number of jets, is the best mode of applying gas 
for this purpose : but the expense of burning gas 
for artificial heat is so much greater than coals, 
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that few persons will use this mode of warming 
aft^r they become really aware of the expense. The 
cost of gas when usea in this way is never less 
than six times the cost of coals : and if it be so 
burned as to allow the products of combustion to 
escape into the open air through a chimney, the 
cost is about twelve times that of coals.* 

(67.) There are many other forms of boilers 
which have been proposed for the hot-water appa- 
ratus ; and, in fact, the multiplication of them 
appears almost without limit. It is, perhaps, 
scarcely any exaggeration to say they amount to 
hundreds. When strictly considered, however, 
there is scarcely one that presents any real 
novelty, and generally they are mere colourable 
adaptations of some one of those which have been 
described ; and the wonderftJ effects which some- 
times are attributed to them arise either from the 
parties being deceived in the results, or fit)m 
their being unacquainted with what has pre- 
viously been accomplished by others. The prin- 

* This snbject is still further explained in Chap. H., Part U., 
in treating upon gas-stoves. It may, however, be here ob- 
served, that the author has found that in a green-house heated 
with 75 feet of 2-inch pipe, by a gas-boiler, 100 cubic feet of 
gas per hour was required to keep up the heat, the cost of 
which would be (at 5». per thousand cubic feet) about 6«. for 12 
hours' burning ; while by the Table, Art. 1 14, it appears the cost 
of coals to produce thtf same effect would be about 4d. From 
some other experiments, it likewise appeared that it required 
50 cubic feet of gas to raise the temperature of 80 gallons 
of water 50°; that is, from a temperature of 50** to 100^ 
Fahrenheit. The cost of this would be Sd. ; while the cost of 
coals to produce the same effect (see Art. 94) would be six- 
tenths of a penny, or scarcely more than one-sixth the cost of 
gas. In this latter case the burnt gas did not escape by a 
chimney ; in the former case it did so escape ; thus showing 
the great difference in cost when a chimney is used. The ex- 
cessive unwholesomeness, however, of burning large quantities 
of gas, without carrying off the products of combustion, ren- 
ders the use of a chimney almost indispensable. 
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ciples on which a boiler must be constructed in 
order to become efficient, are as fixed and im- 
mutable as the laws of nature ; and the modes by 
which these principles are to be applied are all 
determinable by experience, and can be correctly- 
judged of by certain rules, beyond the possibility 
of error. The mode of doing this will be pointed 
out in the present chapter; and may, perhaps, 
in some degree tend to prevent the erroneous 
notions which fi^equently prevail upon this sub- 
ject. 

(68.) The adoption of boilers of small capacity 
having been recommended (Art. 64), it is neces- 
sary to accompany the recommenaation with a 
caution against running into extremes ; for this 
error has been the cause of failure, and of the 
inefficiency of the apparatus in many instances. 
The sketeh, fig. 21, is an instance of this sort, in 
which an absurd extreme has occasionally been 
adopted. The contents of a boiler of this shape 
sometimes do not exceed a couple of gallons, 
even when applied to a very large fiimace ; and 
though this boiler presents a large surface to the 
fire, the space allowed for the water is so small 
that the neutral salts and alkaline earths, de- 
posited by the water which evaporates fi-om the 
apparatus, contract the water-way, already far 
too small, and effectually impede the circulation, 
and also prevent the full force of the fire fi*om 
acting on the water. In a very small apparatus, 
however, this form of boiler has occasionally 
been used with advantage, the fire being less 
intense. 

(69.) But perhaps the more immediate cause 
of failure of this shaped boiler arises fi'om a dif- 
ferent and very singular circumstance. The 
quantity of water which it contains being so 
small, and the heat of the fire, therefore, when 
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the fiimace is large, being very intense upon it, 
a repulsion is caused between the iron and the 
water, and the latter does not receive the full 
quantity of heat. This extraordinary effect is 
not hypothetical ; it has been proved to exist by 
the most satisfactory experiments; particularly 
some which were made by the Members of the 
Franklin Institution of Pennsylvania. The re- 
pulsion between heated metals and water they 
ascertained to exist, to a certain extent, even at 
very moderate degrees of heat ; being appreciably 
diflterent at various temperatures below the boil- 
ing point of water. JBut, as the temperature 
rises, the repulsion increases with great rapidity ; 
so that iron, when red hot, completely repels 
water, scarcely communicating to it any heat, 
except, perhaps, when under considerable pres- 
sure.* 

The boiler in question, however, seldom or 

* Mr. Jacob Perkins brought this curious fact prominently 
forward during his ingenious experiments on high-pressure 
steam. It has, howeyer, long been known as a philosophical 
fact, and was first observed in 1756, by M. Leindenfrost. M. 
Klaproth subsequently investigated it, and published some ex- 

feriments on the subject {NicholsonU Journal, vol. iv., p. 208). 
n the " Parliamentary Report and Evidence on the Scotch 
Distilleries for 1798 and 1799 " (p. 610), there is a quotation 
from ** Chaptal's Chemistry," showing that he was well ac- 
quainted with the fact;* and also some experiments by M. 
Zeigler, by which he ascertained that a drop of water took 89 
seconds to evaporate from metal heated to 520° Fahrenheit, 
but that it only required one second when the metal was at 
800° Fahrenheit. 

In the recent experiments '' On the Explosion of Steam 
Boilers," by the Franklin Institution of Pennsylvania, a very 
thick iron ladle was perforated with a number of small holes, 
and then made red hot. When water was poured into this 
ladle, none of it escaped through the holes, until the ladle 
cooled down below redness; and the quantity which after- 
wards passed through increased with every reduction of the 
temperature, the di^erenoe being quite appreciable even be- 
tween the temperature of 60° and 80° Fahrenheit. 
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never reaches the temperature of luminosity, 
though it is still sufficiently high to make a con- 
siderable difference in the heating of the water. 
Added to this, the form of it prevents the foil 
effect of the heat being communicated to the 
pipes; for the extreme smallness of the water- 
way prevents the rapid communication between 
the various parts, and therefore the upright or 
flow-pipe receives its principal supply of heat 
from that portion of the boiler which is imme- 
diately beneath where it is fixed, instead of that 
Xable communication of heat from all parts, 
ch is the ordinary process in boilers of good 
proportions. There is likewise a probability that 
steam would form in this boiler, which would still 
farther interfere with the circulation of the water. 
But were the water-way to be enlarged, all these 
inconveniences and probable causes of failure 
would proportionably decrease. Though all these 
causes of mefficient action may not exist simul- 
taneously, yet they may act at different stages of 
the working of the apparatus. But they all apply 
equally to every boiler in which the rational 
limits of the surface, relatively to the capacity 
or contents of the boiler, have given place to wild 
chimeras and fanciful notions, not based on sound 
principles of philosophy. 

(70.j It is obvious that the extent of surface 
which a boiler ought to expose to the fire should 
be proportional to the quantity of pipe that is 
required to be heated by it ; and it is not difficult 
to estimate these relative proportions with suffi- 
cient accuracy, notwithstanding the various cir- 
ciunstances which modify the effect. 

(71.) It has been proved by experiments that 
four square feet of surface of an iron boiler will 
evaporate one cubic foot of water per hour, when 
exposed to the direct action of a tolerably strong 
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fire. This, however, requires free exposure to 
the radiant heat of the fire ; for the heat com- 
municated to the flue surfaces is only equal to 
one-third of that which is derived by the direct 
action of the fire, acting upon the bottom or sides 
of the boiler.* And it can be ascertained by 
calculation, that the same extent of heating sur- 
face which will evaporate one cubic foot of water 
per hour from the mean temperature of 52'', will 
be sufficient to supply the requisite heat to 232 
feet of pipe four mches diameter, when the tem- 
perature of this pipe is to be kept at 140® above 

* Mr. Bobert Stephenson's experiments on this subject 
dearly prove this proportion between the relative heating 
of flue surface and boiler surface to be correct In his ex- 
periments the flues consisted of tubes passing through the 
water ; and he found that while six square feet of boiler sur- 
face evaporated six gallons of water in 38 minutes, the flue 
surface, consisting of 24^ ^^'^^^ ^^^^* ^^> ^^ ^® same time, 
evaporated eight gallons. This will be found equal to evapo- 
rating one cubic foot of water per hour, from 8*7 square feet 
of the boiler surface exposed to the direct action of the fire ; 
and the same quantity of water evaporated by 11*9 square 
feet of the flue surface ; being in the proportion of 1 to 3. 
(See Wbod't TVeattM on BailroadSy 3rd edition, p. 524.) In the 
best locomotive engines, the power of the boiler is equal 
to one cubic foot of water evaporated per hour by 1 -7 square 
foot of boiler surface exposed to the direct action of the fire. 
This appears to be almost the greatest effect that can be 
produced at present. {JEj^erimmti on Great Western Railioay^ 
1838.) In 1834, the Chevalier Pambour found the average 
of the engines on the Liverpool and Manchester Bailway to 
be one cubic foot of water evaporated per hour, from 2*5 
square feet of surface exposed to the direct action of the fire, 
nie flue surfistce in all these experiments was calculated sb 
equal to on^third that of the boiler surface. This high 
evaporating power can only be maintained when a very 
powerful draught is produced by mechanical means ; and in 
all these cases there is a very great waste of fuel. In the 
original experiments of Watt, on steam boilers, he found that 
the average of eight square feet of boiler surface was required 
to evaporate one cubic foot of water per hour. This propor- 
tion is still very generally used ; and by employing a large 
heating surface, economy of fuel is always produced. This is 
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that of the surrounding air.* From this, then, it 
appears that one square foot of boiler surface 
exposed to the direct action of the fire^ or three 
square feet of flue surface, will be sufficient in a 
hot-water apparatus to supply the necessary heat 
to about 58 superficial feet of pipe ; or in round 
numbers, the proportion may be stated as one 
foot of boiler to 50 feet of pipe. As this, how- 
ever, is almost the maximum quantity of pipe 
which can be heated, or, in other words, the maxi- 
mum effect which can be produced without me- 

strikinely exemplified in the Comish engines, the boilers of 
which have a larger surface than any others ; and the con- 
sumption of fuel (per horse's power of the engine) throughout 
Cornwall only averages one- fourth of that of the manufactur- 
ing districts of England. The whole of this saving, however, 
is not due to increased surface of the boilers ; a large propor- 
tion of it is owing to the mode of using the steam expansively, 
which is there carried to the extreme. (See Art. 95.) _ 

Pambour has questioned the accuracy of the estimate for 
the proportionate effect of flue and boiler surfaces, which he 
considers do not differ so much in heating power as is gene- 
rally supposed ; but the doubt only applies to the boilers of 
locomotive engines where a very powerM blast is applied, 
and he agrees that, in other cases, the proportionate heating 
power of 3 to 1 for the boiler surface and flue service is nearly 
c-orrect. {Famhowi^% Treatise on Zocomotive Enginei, 2nd edition, 
p. 269.) 

Tredgold ctlso gives the proportions as about three feet of 
boiler surface exposed to the direct action of the fire, to 
evaporate one cubic foot of water per hour, when the furnace 
bars are one-fourth the area of the boiler surface. 

* It appears by calculation (Art. 99), that a four-inch pipe 
will lose *851 of a degree of heat per minute, when the excess 
of its temperature a^ve the circumambient air is 125^ If, 
therefore, this excess were 140^ the loss per minute would be 
'953 of a degree of heat. Calculating, therefore, this loss to 
be 57*18 degrees per hour, and estimating also (the latent 
heat of steam being 1000°) that the cubic foot, or 1728 cubic 
inches of water evaporated, has received 1160° of heat, and 
that one foot in length of a four-inch pipe contains 150*7 

1^28 V 1160 
cubic inches of water, we shall obtain X6oTx67l8 ^ ^^^ ^'^^ 

as stated in the text. 
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chanical means of producing draught, it is very- 
desirable in all cases to allow an increased surface 
of the boiler ; bearing in mind that not only will 
economy of fiiel be thereby produced, but the 
apparatus will be much easier managed, and thus 
become more effective and certain in its opera- 
tion. The following Table gives the maximum 
quantity of pipe which a boiler wiU heat, calcu- 
lated by the above rule, and supposing the best 
coals alone to be used : — 

Table II. 
Surface of Boiler 
exposed to the 

direct action of 4-in. Pipe. 3-in. Pipe. 2-iii. Pipe, 

the Fire. — — — 

4 square feet will heat 200 feet, or 266 feet, or 400 feet. 
6 300 . . 400 . . 600 



8 400 .. 533 

10 600 .. 666 

14 700 .. 933 

20 1000 . . 1333 



800 
1000 
1400 
2000 



A small apparatus ought always to have more 
surface of boiler, in proportion to the length of 
pipe, than a larger one ; as the fire is less intense, 
and bums to less advantage in a small than in a 
larger ftimace. The eflfect also depends greatly 
upon the quality of the coal, the neight of the 
chimney, the rapidity of draught, the construc- 
tion of the ftimace, and many other particulars ; 
and it will always be found more economical, 
as regards the consumption of fiiel, to work 
with a larger sur&ce of boUer at a moderate 
heat, than to keep the boiler at its maximum 
temperature. 

(72.) But beside all these causes that modify 
the effect, there is another, that will alter the 
proportions which may be employed. The data 
from which the calculation of the Doiler surface is 
made assume the difference to be 14(y between 
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the temperature of the pipe and the air of the 
room which is heated ; the pipe being 200'', and 
the air OO"". But if this difference of temperature 
be reduced, either by the air in the room being 
higher, or by the apparatus being worked below 
its maximum temperature, then, in either case, a 
given surface of boiler will suffice for a greater 
length of pipe. For if the difference of tempera- 
ture between the water and the air be only 120* 
instead of 140'', the same surface of boiler will 
supply the requisite degree of heat to one-sixth 
more pipe; and if the difference be only lOO"", the 
same boiler will supply above one-third more pipe 
than the quantity before stated. It will, there- 
fore, sometimes occur in practice (where economy 
in construction is the primary object), that the 
quantity of pipe in proportion to a given surface of 
boiler may Tbe even increased beyond the amount 
which is given in the preceding Table ; because, in 
forcing-houses, for instance, the temperature of the 
air win always be above 60^; and in the warming 
of churches, warehouses, or other large buildings, 
the temperature of the water will generally be 
considerably below 200** — ^the pipe not being 
required to be worked at its greatest intensity, — 
and, therefore, in both these instances, a larger 
proportion of pipe may be applied to a given sized 
boiler. And, therefore, it follows, that although 
a smaller boiler surface would really supply a 
sufficient quantity of heat, imder strict manage- 
ment and constant attention, it will generally be 
better not to reduce the size of the boiler below 
what has here been stated ; for not only will the 
apparatus need less attention, but also the required 
temperature of the building can be thus much 
sooner attained, as well as more easily continued. 
A very good proportion, suitable for nearly every 
purpose, is to allow about one foot of boiler sur- 
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face (calculated, as already described, Art. 71) to 
about 40 superficial feet of pipe, or other radiating 
surface, or about one-fifth more boiler surface than 
the preceding table states. 

(73.) It may be desirable here to state what are 
the peculiar characteristics of a good boiler for 
this purpose, and how the qualifications of each par- 
ticular shape are to be judged of. Some general 
rules also may be given, though a minute detail 
of the peculiarities of each of the various forms 
would scarcely be worth the space such a descrip- 
tion would require. The principal recommenda- 
tions of a boiler are, that it shall •expose the 
largest surface to the fire in the smallest space ; 
that it shall effectually absorb the heat given out 
from the fiiel, so that as little heat as possible 
shall escape up the chimney ; that it shall allow 
free circulation of the water throughout its entire 
extent ; and that it shall not be Uable to get out 
of order, nor rapidly deteriorate by continued use. 
The first of these qualifications is of itself a com- 
pound question. We have seen (Art. 71) that any 
surface exposed to the direct action of the fire, or, 
in other words, to the radiant heaty receives three 
times as much heat as a similar surface exposed 
merely to the conducted heat, or that which is 
afforded by the products of combustion after they 
are thrown off from the burning fuel. Here, then, 
is a very important distinction in boilers ; for as 
radiant heat passes in straight lines in every 
direction, it follows that the largest possible sur- 
face ought to be exposed immediately over the 
burning fuel, and that, too, at the least possible dis- 
tance ; because the effect of radiant heat decreases 
as the square of the distance between the radiating 
and the recipient bodies (Art. 235). It is no re- 
commendation of a boiler, therefore, to say that 
it contains a certain number of square feet of 

G 
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heating surface in a given space ; for unless this 
surface can be acted upon by the radiant heat of 
the ftimace, a boiler of less than one-half the 
superficial measurement, if judiciously contrived 
for this object, may greatly exceed it in power.* 
It is by not attendmg to this distinction that so 
many people deceive themselves in the construc- 
tion of boilers. In order to increase the surface 
of the boiler as much as possible, they overlook 
this important distinction — ^whether the surface so 
added is or is not exposed to the radiant heat of 
the fire ; and they frequently contract the surface 
exposed to the raoiant heat in order to add a rather 
larger surface somewhere else; overlooking the 
fact that, imless they can add three feet of surface 
in place of each foot they subtract from the former, 
the boiler will have less power than it had before. 
In this way complicated forms of boilers have been 
constructed, expensive in making, and inferior in 
power as well as in economy of fiiel, to other more 

* The most remarkable illustration of the effect of exposing 
a large surface to the direct action of the radiant heat is afforded 
by the evidence given before the Committee of the House of 
Commons, in 1798, on the Distilleries of Scotland. Owin^ to 
the mode of levying the duty at that time, it became an object 
to work off the liquor from the still as rapidly as possible, 
irrespective of the cost of the apparatus or the expenditure of 
fueL To such an extent was this carried, that the stills were 
actually charged, the wash distilled, and the refuse discharged, 
about 520 times in 24 hotirs, or 2} minutes for each charge of 
16 gallons. Gihere is no other instance known in the least 
approaching this extraordinary result, in which a small vessel 
of the measurement of 40 gallons could distil a charge of 
16 gallons of wash in 1} minutes, half a minute more being 
required for charging the still, and the like time for discharg- 
ing the refuse. This was accomplished by having the BtUl 
exceedingly flat, so that the largest possible surface was exposed 
to the direct action of the ra£ant heat, and the flame acted 
intensely upon the whole bottom surface of the still, and then 
passed off at once into the chimney. The waste of fuel was of 
course immense, but the rapidity of action was fully accom- 
plished.— iS^(^^ on Scotch JDMUeries^ 1799, pp. 517-731. 
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simple forms. There are no boilers which possess 
these advantages in a greater degree than the 
boilers shown in figs. 18, 22, and 23 ; the former 
being the arched boiler, which appears to accom- 
plish all that can be desired as an efficient useful 
boiler, and the latter is the bell-shaped boiler, now 
comparatively little used, but still possessing great 
merit as a most efficient form of construction. The 
comparative disuse of this latter boiler probably 
arises from the great difficulty of setting itproperly, 
and from being not so easily worked and kept 
clean in the flues as some others. It is necessarily 
made of cast iron, as the form is too difficult to 
make of wrought iron. The part exposed to the 
fire is covered with a series of ribs two inches deep, 
and about one-fourth or three-eighths of an inch 
thick, radiating from the crown of the arch, at an 
average distance of two inches from each other. 
These ribs, it is evident, must increase the surface 
exposed to the fire to an enormous extent, and 
that, too, precisely where the effect is by far the 
greatest, being immediately over the burning fuel, 
and receiving the whole of the radiant heat from 
the fibre.* 

* Ab early as the year 1828, the author adopted the plan of 
increasing the heating surface of these boilers by means of a 
great number of protuberances cast on the bottom, which 

Srotuberances were one inch long and seven-eighths of an inch 
iameter, and placed two inches apart from each other. Sub- 
sequently these pins, or protuberances, were still further ex- 
tended, so as to form continuous bars or ribs, radiating from 
the centre of the boiler ; and they were made one inch and a 
half deep, and three-eighths of an inch thick, and they were 
then placed as weU on the surface exposed to the water as that 
exposed to the fire. This plan of increasing the heating surface 
was, in the year 1835, patented hjMx. Sylvester, both forcast- 
and wrought-iron boilers; and in 1841, Mr. 0. W. Williams 

Eatented t£e same plan for wrought-iron steam boilers, the pins 
eing, by his plan, screwed into the substance of the plate, 
instead of being formed by rolling, as proposed by Mr. Sylvester. 
It has been generally suppos^ that all sharp protuberances 
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(74.) The second qualification, that the boiler 
shall absorb the greatest quantity of heat from the 
fuel, is partly dependent on the cause already 
explained, and partly on the conducting power of 
the metal itself. In this respect the boiler (fig. 18) 
possesses an advantage over the other, in conse- 
quence of being made of wrought iron, and there- 
fore very much thinner. Were it made of copper, 
its effect would be still fiui;her increased (see 
Art. 246); but the greater expense of copper is an 
objection. 

(76.) The third recommendation of a boiler, 
that it shall allow of a free circulation of the water, 
is entirely dependent on its form; and on this 
subject some remarks have already been made 
(Art. 68). And the last test of a good boiler, that 
it shall not be liable to get out of order, nor 
rapidly deteriorate, is one that depends partly on 
the goodness of the materials and workmanship, and 
partly on the mode of producing the combustion 
of the fueL Some very important chemical effects 
appear to result occasionally, both from the fuel 
employed as well as from the method of combustion. 
The effects on copper are the most destructive ; 
and instances have occurred where the bottoms of 

inside a boiler caused a more rapid ebuUition of the water than 
a flat surface ; and the author in 1828 originaUy adopted this 
mode of increasing the water-surface as wdl as the flre-surface; 
and the plan was also followed both by Mr. Sylvester and 
Mr. Wilhams in their patents. Subsequent experiments, how- 
ever, have convinced the author that it is unnecessary to in- 
crease the water-surface bv these means; and in particular 
Mr. Josiah Parkes's experiments in 1840 (vide his published 
Report), on Mr. M. A. Perkins* patent steam-boiler, proved 
that, owing to the great conducting ^wer of water, the whole 
of the heat generated by 1 17 superacial feet of iron exposed to 
the flre was abstracted by 44 superficial feet exposed^ to the 
water ; or that the water will absorb the heat at least 2*6 times 
as fast from the iron as the iron can receive it from the fire ; 
and therefore it appears the internal protuberances on the 
water-iur/aee of a boiler are unnecessaxy. See also Art. 251. 
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copper boilers have separated entirely from the 
sides, as though cut through with a clusel, just at 
the part where the principal action of the fire 
occurs ; and others have become entirely riddled 
throughout the surfece exposed to the fire. These 
are very rare occurrences, and the cause appears 
somewhat obscure ; but the subject will be better 
explained in a subsequent chapter (Chapter VI., 
Part II.]. Generally speaking, a wrought-iron 
boiler will heat quicker, and with less expenditure 
of fiiel, than a cast-iron boiler : it will also be less 
liable to accidents, as cast-iron boilers occasionally 
crack, particularly if they contain sharp angles in 
their construction, or if they are so formed that 
the fire acts imequally on them, and expands 
one part more than another. From these defects 
wrought-iron boilers are exempt ; but, on the 
contrary, wrought iron will corrode much more 
rapidly than cast iron ; and in very damp situa- 
tions, where the stoke-hole or boiler-nouse is some- 
times left for half the year some inches deep in 
water, a wrought-iron boiler would be rapidly 
corroded, when a cast-iron one would be compa- 
ratively uninjured. 
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CHAPTER V. 

On the Constaniction of Furnaces -—Combustion dependent on 
Size of Furnace-bars — Furnace-doors, and other Parts of 
Furnace — ^Proportionate Area of Furnace-bars to the Fuel 
consumed — CJonfining the Heat within the Furnace — Direc- 
tions for building the Furnace for different Boilers — ^Advan- 
tage of large Furnaces — ^Modes of Firing — ^Size of Chimneys. 

(76.) The construction of the furnace for a hot- 
water apparatus is a matter which requires con- 
siderable care ; for although, from the small size 
of the boilers generally used, the furnace is by no 
means difficult to construct, it is a very common 
feult in building them to allow of such a very 
easy exit for the flame and heated gaseous matter, 
that a large portion of the heat passes up the 
chimney, instead of being received by the water 
in the boiler. This arises principally from the 
shortness of the flues in these boikrs, in com- 
^ parison with those of steam-engine boilers ; and, 
in setting boilers for hot-water apparatus, it there- 
fore requires great caution to prevent an unneces- 
sary waste of fuel by erroneous principles in con- 
structing the fiimace. 

In giving some general instructions on the sub- 
ject of furnaces for hot-water apparatus, it is not 
intended minutely to describe the proper fiimace 
for each different form of boiler ; but the plan of 
building the furnaces for three or four different 
forms of boilers will be given, and the application 
of the principles to other forms must be left to the 
discretion of those who erect them. 
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(77.) The rate of combustion of the fiiel in a 
Aimace depends very Kttle upon the total size of 
the fiimace, but chiefly on the proportionate size 
of the fiimace-bars. A fiimace which possesses^ 
for instance, an area of 12 square feet, would not 
necessarily bum a much larger quantity of fuel 
per hour than one that had only an area of eight 
square feet ; provided the area of the furnace-bars 
was the same in both cases, and that no more air 
was admitted to the former than to the latter. 
But, by building the furnace of considerable dimen- 
sions, and with a moderately small area of fire- 
bars, the fuel can be made to bum for a much 
longer period without attention or renewal ; and 
this is a very important object for this descrip- 
tion of apparatus. For, as so intense a fire is not 
required as is the case with a steam-boiler,* an 
extremely small degree of attention is necessary 
for a furnace of this kind, which, when well 
constructed, ought to bum for ten or twelve hours 
without replenishing the fuel. 

(78.) In all cases, a good and perfectly tight 
fiirnace-door is requisite ; for, if the door does 
not fit accurately, a large quantity of cold air 
enters, and passes between the fuel and the 
bottom of the boiler, and cools the boiler to a 
considerable extent.f The fiimace-door should 
always be double ; J and also a door to the ash- 
pit should be used, in order to shut off the excess 

* In some steam-boilers, particularly in the Comisli boilers, 
the ^el is bnmed with slow combustion ; but the furnaces and 
boilers are very large in proportion to the work done by them, 
and great economy of fuel results from this plan of heating 
them (see Chapter VI., Part II). 

f In a subsequent chapter, the combustion of smoke will be 
discussed, and it will then be shown that the admission of air 
at or near the frimaoe-door is sometimes desirable, but only 
in particular stages of the c(»nbustion. 

X Count Bun^ord first introduced these double furnace- 
doors, of which many modifications have been since adopted. 
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of air when the fire is required to bum slowly for 
a great length of time. Immediately within the 
fumace-door there should be a dumb-plate ; and 
the larger this is the better, provided it does not 
project the fiimace-bars too far back, so as to 
cause the most active part of the combustion to 
take place at the posterior part of the furnace, 
instead of immediately imder the boiler. The 
use of a large dumb-plate in front of the ftimace- 
bars is to allow the fuel to be gradually coked, 
by placing it first on this dumb-plate, and then, 
when well heated, pushing it backward upon the 
furnace-bars, where it enters into active com- 
bustion, and then a fresh charge of fuel is to be 
again laid on the dumb-plate, in order to undergo 
the same operation. By this plan of coking the 
coals on the dumb-plate, nearly all the smoke 
from the furnace may be consumed ; by which a 
considerable saving of fiiel will be effected,* and 
a great nuisance prevented. 

(79. ) The size of the fire-grate, or furnace-bars, 
must oe regulated by the quantity of pipe or 
other heating surface which the apparatus con- 
tains. The quantity of heat given off by a cer- 
tain extent of iron pipe, or other heated surfiswje, 
can be exactly ascertained, and will be shown in 
the next chapter. From the data there given, 
we learn the quantity of coals required to be 
burned per hour in order to maintain the re- 
quired temperature. Having already given (Art. 
71) the extent of boiler surface required to heat 
a given quantity of pipe, it will be desirable 
now to show the area of the fiimace-bars which 
will be required. It has already been stated 
(Art. 72) that the extent of boiler surface ex- 

* See Chapter VI., Part 11., on the "Combustion of 
Smoke," where it is shown that nearly 40 per cent, is saved 
by the combustion of the smoke. 
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posed to the fire may with advantage be in- 
creased beyond the dimensions akeady given ; 
and that economy of fuel will generally result 
from this increased surface. But the quantity of 
fiiel that is burned ought not to be also increased 
in the same way ; and therefore the size of the 
fiimace-bars, which alone regulates the quantity 
of fiiel consumed, should be proportioned rather 
to the quantity of surface which radiates heat 
into the building, instead of bearing an exact 
ratio to the surface of the boiler. 

With the average dimensions used for fiimace- 
bars, the spaces for the admission of air will gene- 
rally vary from one-fourth to one-third of the total 
area of the space occupied by the fiimace-bars. 
In this case, one square foot of ftimace-bars will 
be sufficient to bum about 10 lbs. or 11 lbs. of 
coal per hour, under ordinary circumstances ; * 

* The consumptioiii of fuel, on any given area of famace- 
bars, must depend upon the rapidity of the draught. In looo- 
motive engines, with an artificial blast from the steam, the 
consumption of fuel is about 80 lbs. from each square foot of 
fire-grate per hour. In some furnaces the consumption is not 
more than 6 lbs. per square foot, or about A of the locomotire 
engine furnace ; but the quantity given in the text is a mean 
rate. Mr. Andrew Murray {Minutes of Institution of Civil JSn' 
ffineersy June, 1844) estimates the average consumption in 
steam-engine furnaces at 13 lbs. of coal per square foot of 
furnace-bars, and that 150 cubic feet of air should pass through 
the furnace for each pound of coal consumed in order to pro^ 
duce perfect combustion. Taking Dr. Tire's estimated velocity 
of 86 feet per second as the average rate at which the air 
passes through a furnace, Mr. Murray estimates the size of the 
opening over the bridge of the furnace ought to be 26 square 
inches for each square foot of frtmace-bars. The temperature 
of an ordinary furnace is assumed to be about 1000° of £*ahren- 
heit, and at this temperature the gases passing through it 
would be expanded to three times their oiiginS bulk ; and 
these proportions will allow sufficient air to pass through the 
furnace to compensate for that portion which is not oompletely 
consumed. Ti^dgold, in his calculations, assumes the tem- 
perature of an average furnace at 800° Fahrenheit. 
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and on this calculation the following Table has 
been constructed : — 

Table HI. 
Area of Bin. 4-ia. Pipe. S-in. Pipe. 2-in. Pipe. 

75 square inches will supply 150 feet, or 200 feet, or 300 feet. 



100 , 




200 , 


266 




400 


150 , 




300 „ 


400 




600 


200 , 




400 „ 


633 




800 


250 , 




500 „ 


666 




1000 


300 




600 , 


800 




1200 


400 




800 „ 


1066 




1600 


500 




1000 , 


1333 




2000 



Thus, suppose there are 600 feet of pipe, four 
inches in diameter, in an apparatus, then the 
area of the bars shoidd be 300 square inches, so 
that 14 inches in width and 22 inches in length 
will give the requisite quantity of siutface.* 
When it is required to obtain the greatest heat 
in the shortest time, the area of the bars should 
be proportionably increased, so that a larger fire 
may be produced; and, on the contrary, when 

* The proportions deducible from the above Table, and 
those given in Art. 71, for ascertaining the boiler-surface, are 
very different to those generally used in steam-engine boilers. 
It will be observed that, by the rules here given, the area of 
the furnace-bars is about one-sixth of the area of the boiler- 
surface exposed to ths direct action of the fire; whereas in steam 
boilers, the flue and boiler surfaces conjointly are usually in 
proportion to the surface of the fbmace-bars as 11 to 1, and 
sometimes even as 18 to 1 {British Scientific JReports for 1842, 
p. 107). When this latter calculation, however, is reduced to 
the same standard as the other, viz., three feet of flue surface 
being equal to one foot of boiler surface exposed to the radiant 
heat, the difference will not be near so great as it here appears. 
And it must also be remarked that in large boilers the pro- 
portions must necessarily differ from those of the very small 
boilers required for a hot-water apparatus ; for Ihe effect of 
radiant heat decreases as the sqiuure of the distance between 
the rcdpient surface and the hot body; and therefore it is very 
easy to see how a considerable difference may arise between 
surfaces placed so differently in this respect, as they necessarily 
must be in large and in small boilers. 
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the object is to obtain slow combustion of the 
fael, and when the rapidity with which the ap- 
paratus becomes heated is of little or no conse- 
quence, then the area of the bars may be reduced. 
The best method, however, will generally be 
foimd in using a sufficiently large surface of fire- 
bars for the maximum effect required, and to 
regulate the draught by means of an ash-pit door, 
and a damper in the chimney ; by whicn means 
almost any required rate of combustion can be 
obtained, with any common degree of care.* 

(80.) When the size of the furnace will allow 
of it, a portion of brickwork should extend at the 
back of the fiimace-bars, and level with the bars, 
so as to make a dead-plate behind the bar as 
well as in the front, which makes the fiimace 
hold more fuel without actually increasing the 
consumption. 

* When a rapid draught and quick combustion are required, 
the furnace-bars may very adyantageoualy be made very narrow 
and deep, so as to allow a larger proportionate space for the 
entrance of the air. Instead, dnerefore, of using ramace-bars 
one and a half, or one and three-quarters of an inch wide, with 
half an inch air-space between the bars, they may be made 
about three-eighths, or half an inch in width, and about four 
and a half or five inches deep, tapering at the lower edge to 
about one-eighth of an inch, and made with shoulders, as usual, 
to allow about half-inch air-spaces. Bars of this kind will 
have many advantages in particular cases. They will allow 
more than twice the quantity of air to pass through that the 
other bars will do, and therefore twice the quantity of coal can 
be burned on each square foot of the bars ; and they will last 
longer than bars of the ordinary construction. The author, at 
the latter end of 1842, suggested the use of these bars in loco- 
motive engines, which is the most severe test they could be 
put to, and the result has been completely successful. Owing 
to the extreme thinness of the bars, the air passing between 
them keeps them always cool, which is impossible if the bars 
much exceed this thickness. The great deptii of the bar gives 
the necessary stiffness; and the result of nearly twelve months' 
trial, and with nearly twenty locomotive engines, was a very 
great increase in the durability of the fumaoe-bars, in addition 
to the obvious advantage of admitting much more air into the 
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(81.) It is a matter of very great importance, 
that the heat should be confined within the fur- 
nace as much as possible, by contracting the 
£Eui;her end of it, at the part called the throat, so 
as to allow only a small space for the smoke and 
inflamed gases to pass out. The neglect of this 
causes an enormous waste of fael ; for, in conse- 
quence of the shortness of the flues of these 
boilers, the heated gaseous matter passes too 
readily from the boiler, and escapes through the 
chimney at a very high temperature. The only 
entrance for the air should be through the bars of 
the grate,* and the heated gaseous matter will 
then pass directly upwards to the bottom of the 
boiler, and should be there detained as long ss 
possible by the contraction at the throat of the 
mmace ; and if this part of the fiimace be pro- 

fumace. Some of these bars, after having been used for ten 
months, and with which the engines ran nearly 20,000 miles, 
were still perfectlj good, after haying done nearly four timee 
the work of ordinary bars. The best size for this purpose is 
five and a half inches deep by half an inch thick, tapered to a 
quarter of an inch. In furnaces which have lees intense heat 
than a locomotiye engine, bars of four or four and a half inches 
de ep are quite sufficient. 

When the old form of fumaoe-bara is used, and they are 
required to bear a very intense heat, their durability is in- 
creased by makinff a longitudinal groove in the upper surface 
about three-eighms of an inch deep. This groove becomes 
filled with ashes, which, being a slow conductor of heat, pre- 
serves the bars from the intense heat of the fire. 

* These observations apply exclusively to the small ftimaoes 
and boilers used for hot-water apparatus, and not to large 
furnaces for steam-boilers, or for other purposes. In l£e 
latter, air may very advantageously be introduced at or near 
the fiimace-door, or in many other ways, as will be shown in 
the chapter on the ** Combustion of Smoke." Even in these 
small furnaces, a limited quantity of air might in certain ttaget 
of the eombuitian be advantageoudy introduced; but this would 
require so much more attention than is usually given, or 
indeed required, for an apparatus of this kind, that the rule 
given in tiie text will be found most advisable for ordinary 
practice. 
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perly constructed (by not making the throat too 
near the crown of the boiler, and making it suflS- 
ciently small in proportion to the total quantity 
of gaseous matter required to pass through it), a 
reverberatory action of the flame and heated 
gases will take place, by which a fax greater 
effect will be produced than if too easy an exit 
were allowed mto the flues and chimney. 

(82.) A furnace constructed on this plan is 
shown in figures 31, 32, and 33, which is the 
mode in which many thousands of furnaces have 
been constructed and applied to the boiler shown 
in fig. 18 ; this plan having been recommended 
by the author 

many years Ficj- 31. 

ago, and used 
with the most 
uniform suc- 
cess. ♦ The 
way to con- 
struct this 
furnace is as 
follows : after 
building up 
the foimda- 
tion of the 
boiler to the 
properheight 
thebarsareto 
be placed so 
that the firont 
of the bars 
shall lie even 
with ^e front 
of the boiler, and the upper surface of the bars 

* This plan of settmg boilers was first used by the author 
in 1830, and was published, by consent, in the JSortictdtural 
Tramactions, 
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shall be level with the hottom of the boiler. The 
bars will generally be about two-thirds the length 
of the boiler ; the remainder of the length of 
the furnace being made up with brickwork be- 
yond the bars towards the back end of the boiler. 
In front of the bars should come the dead-plate, 
about 9 inches wide ; and immediately in front of 
this dead-plate should come the furnace-door: 
the bottom of the furnace-door, the dead-plate, 
the furnace-bars, and the brickwork beyond the 
furnace-bars being all exactly on the same level. 
The distance between the front of the boiler and 



Fig. 32. 



Fig. 33. 
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the furnace-door will, by this arrangement, be 
just nine inches ; and this space is made up with 
the brickwork, which forms the general front of 
the whole fiimace. In this brickwork are placed 
three soot-hole doors, to clean out the three flues. 
Two of these doors are shown in fig. 31 ; the 
other one is supposed to be removed, to show the 
inside of the flue. At the back of the boiler 
are placed two fire-lumps, shown in fig. 32, and 
which are made to fit the size of the boiler. 
When these two fire-lumps are placed as shown 
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in fig. 32, they leave an opening between them of 
from 3i to 4i inches, according to the size of the 
boiler. This opening should come, as nearly as 
may be, to the centre of the arch of the boiler ; 
ana it is the only passage for the flame and 
smoke to escape into the flues, which here divide 
to both the right and left hand, passing along the 
sides of the boiler, and following the mrection of 
the arrows. Two cast-iron plates are built into 
the brickwork, in the position shown by g, fig. 31, 
to divide the lo\5rer from the upper flue. These 
flue-plates do not come to the jfront of the boiler 
by from four to five inches, thus leaving a passage 
from the lower into the upper flue, and from the 
latter into the chimney. The whole of these 
flues, of which there is one on each side of the 
boiler, and one on the top, are to be made as 
deep as ever the boiler wiU allow, and the brick- 
work should stand off from the boiler about 4 J 
inches, forming the width of the flues. By this 
arrangement it will be perceived, that nearly the 
power of a reverberatory frunace is obtained. 
The upper fire-lmnp, shown in fig. 32, partly 
stops the flame, and retains it as long as possible 
in contact with the inner arch of the boiler ; and 
on this mainly depends the economy and effi- 
ciency of this plan of setting these boilers. The 
flame and smoke then pass through the two fire- 
lumps, dividing right and left into the two lower 
flues, and from thence passing into the upper flue 
on the top of the boiler, which latter should 
be nearly as large as the other two together. A 
damper must be placed in the chimney in such a 
position as to be easily got at. 

(83.) This plan of setting arched boilers is per- 
fectly available for all boilers, from eighteen 
inches long up to about six feet long ; for boilers 
beyond that length, it is advisable somewhat to 
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modify the plan, by placing a fire-lump within the 
inner arch, so as to form a bridge, which bridge 
should be formed to fit the arch of the boiler, but 
leaving a space of about five inches in depth, and 
the width of the arch, between the crown of the 
arch and the top of the fire-lump. When this 
bridge is used, the bottom fire-lump, already de- 
scribed, is not required. This latter mode of set- 
ting boilers is only suitable for such as are more 
than six feet long ; and in this case the bridge is 
best placed at the distance of about firom five to 
six feet firom the fi'ont end of the boiler. 

(84.) The boiler, fig. 22 and 23, requires nearly 
the same arrangement; but in this boiler the 
aperture for the escape of the flame and smoke is 
generally made a part of the boiler itself. This 
opening is also somewhat lower down towards 
the level of the furnace-bars, and the boiler being 
circidar, the flue generally winds round the boiler, 
instead of passing separately on the right hand 
and on the left. The boiler, fig. 21, may be set in 
the same kind of fiimace as the boiler, ng. 18. K 
the two legs or protuberances at the bottom be 
very short and close together, the fire may be 
maae to act upon the whole under-side of the 
boiler (the bars being fixed at some distance 
below), and the flame returned through a flue 
along the top. 

(85.) The boiler, fig. 20, majr be set in two 
different ways. When the inside tube is suflS- 
ciently large, it is best to place the fire inside 
this tube, the fiirnace-bars being placed at about 
one-third the diameter of the tube from the 
bottom. In this case the action of the fiimace 
becomes very similar to that already described 
for the boiler, fig. 18 ; except that the water-way 
is continued below as well as above the fire. The 
throat of the furnace must be contracted, as 
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already described for fig. 18 ; but in the present 
case tne flues must first pass directly under the 
boiler, and then pass along the two sides and top. 

When this boiler, fig. 20, is very small, the fire 
must be made entirely below the boiler ; and the 
boiler is then best made of an oval or flattened 
shape, both externally and in the tube. The 
flame, in this case, passes from the surface below, 
first through the tube, and then returns over the 
top of the boiler, and from thence the heated 
gases escape into the chimney. 

(86.) The boiler, fig. 24, as originally con- 
structed, had no external flue. It was chiefly 
used for very small apparatus, and it possessed 
the advantage, when a very slow draught was 
used (somewhat similar to that of the Amotfs 
stoves), of holding sufficient fiiel to allow of the 
fire burning for a long time without attention, 
which is generally difficult to accomplish with 
very small boilers. The ingenious inventor of 
this boiler (Mr. Rogers) still prefers this plan, 
though many new modifications of the boiler nave 
been introduced. It is now frequently used with 
an external flue. The temperature of this boiler 
is somewhat more difficult to regulate than that 
of the arched boiler ; as the more the fiiel bums 
away, the greater the heat becomes, in conse- 
quence of a larger surface of the boiler being then 
exposed to the radiant heat, and also because the 
fuel bums quicker, in consequence of the air meet- 
ing less obstruction in passing through it. In this 
case, the greatest heat is produced when about 
two-thirds of the fiiel has burnt away. When 
the boiler has an external flue, the best mode of 
setting is to make the flue proceed from openings 
of about three inches by six inches, left at the 
bottom of the boiler, ana leaving a free space for 
the flue, around the boiler, of two and a half or 

B 
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Fio. 34. 





three inches, or thereabouts. The draught of air 
meeting less obstruction in passing through the 
external flue than by passing through the large 
body of fuel contained in the body of the boiler, 

the whole exter- 
Fia. 35. nal surface be- 
comes available 
for receiving heat 
jfrom the fire, in- 
stead of being 
entirely useless, 
as in the other 
mode of setting ; 
and, of course, 
the same sized 
boiler will by this 
arrangementheat 
a larger quantity of pipe. Figs. 34 and 35 show 
the mode of setting these boHers. This boiler, 
however, will, under any form, expose but little 
surface to the radiant heat of the fire, and its 
external surface will scarcely exceed the flue sur- 
face of the arch-boiler, in its power of absorbing 
heat ; and this flue surface, we have already seen, 
only possesses one-third the absorbent power 
which those surfaces have that are exposed to the 
direct action of the radiant heat. The fire of this 
boiler, however, is not difficult to manage, and 
bums with but little attention. 

(87.) In the boiler, fig. 26, there is necessarily 
a considerable waste of fuel, in consequence of 
the flame escaping immediately into the chimney 
without passing through any flues, — this form of 
boiler not admitting of any kind of flues being 
used. The flame passes between the several pipes 
which form the boiler, and of course can only act 
upon their under side. If the draught be rapid, 
a partial vacuum must be formed on the upper 
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side of the pipes, the flame passing in straight 
lines upwards ; and, therefore, a loss of heat by- 
radiation would take place from the upper side 
of the pipes which form this boiler. The boiler, 
however, necessarily heats rapidly, as the con- 
sumption of iuel in the furnace, owing to the 
rapid draught, is very considerable. 

(88.) The advantage of making the furnace to 
contain a large quantity of fuel has already been 
mentioned. But, independent of the smaller de- 
gree of attention required, when sufficient fuel to 
last for many hours is supplied at once, it is 
found practically that great economy results from 
this plan; and, from experiments made on this 
subject, with steam-engine furnaces, it appears 
that the increased consumption of fiiel always 
bears a direct proportion to the frequency with 
which it is supplied to the furnace; and that in 
the experiments in question the greatest economy 
result^ when the fiiel was supplied only once 
a day.* When this plan, however, i» followed, 
the combustion is less intense than with more' 
frequent firing; and, therefore, a larger boiler 
sur&ce is always required in this case. Care 
also should be taken to prevent the ingress of 
an undue quantity of air through the ash-pit, 
when the fiiel burns away and the furnace-bars 
thus become unequally covered ; for, in this case, 
a large quantity of cold air will rush in and cool 
the boiler. 

(89.) The rate of combustion materially de- 
pends upon the thickness of fiiel on the fiimace- 
bars, and on its compact or open state, as illus- 
trated in the two cases of small coal and of large 

* Mr. Josiah Parkes on ** The Evaporation of Water from 
Steam-Boilers," in the jn^ansaotians of the Institution of Civil 
JSngineers** for 1838. This result, however, was ohtained by 
a peculiar kind of furnace, in which air was admitted at the 
bndge as well as through tlie fire-bars. 

H 2 
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well-bumed coke. The quantity of air passing 
through the fire-grate or bars must be very dif- 
ferent in these two cases, and the combustion 
wholly depends upon the quantity of air admitted 
to the fuel. For unless a sufficient quantity of 
air be admitted to convert the whole of the 
carbon into carbonic-acid gas, it will escape in 
the form of carbonic oxide, and a loss of eflFect 
will thereby arise (see Chap. VI., Part 11., on the 
Combustion of Smoke). 

(90.) The greatest economy of fael is produced 
when the fires are kept thin and bright ; the coal 
well coked, by means of a large dumb-plate in 
the firont of the fiimace, and the damper kept as 
close as possible consistent with allowing a suffi- 
cient draught. The Cornish engines, so cele- 
brated for meir economy of fiiel, are thus worked. 
The thinner the fire, the less is the probability of 
the formation of carbonic oxide, which always 
causes a loss of heat ; and when thick fires are 
used, this loss is fi^equently very considerable, 
unless (as in Mr. Parkes's experiments already 
mentioned) air is supplied above the fuel as well 
as through the fdmace-bars.* In the small fiir- 
nace of a hot-water apparatus, it is firequently 
difficidt, if not impossible, to adopt this plan of 

* In locomotiye engines, the fires are frequently as much as 
17 inohes thick ; and the quantity of carbonic oxide formed in 
consequence of this great thickness is yery considerable, and 
the loss of heat enormous. The thinner the fire, the more 
perfect must be the combustion. Carbonic oxide is formed by 
the carbonic acid, which is the result of perfect combustion, 
passing through the red-hot coke, by which it imbibes an 
additional quantity of carbon, and is converted into carbonic 
oxide ; and on all the carbonic acid that undergoes this 
change there arises a loss of one-half the heat derived from 
its original conversion. The various methods of admitting air 
at the bridge, and at other places above the fuel, are all in- 
tended to obviate this loss, by re-convertiDg the carbonic oxide 
into carbonic acid, by supplying it with an additional dose of 
oxygen. 
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using a dumb-plate sufficiently large to coke the 
whole of the fuel which is used ; but the principle 
should be borne in mind in all cases, and applied 
as far as circumstances will permit. The theory 
of combustion will be given in the chapter on the 
Combustion of Smoke. 

(91.) It may, perhaps, not be amiss here to give 
some rules for the proper size of chimneys. Very 
elaborate rules have been given for this purpose 
by different authors, and the most extraordinary 
difference exists between them ; their calculations 

ving results totally at variance with each other. 

iut the practical rules are very simple. Mr. 
Murray* estimates the area of the chimney should 
be about 18 square inches for a boiler comsuming 
12 lbs. of coal per hour. Mr. Armstrong estimates 
the area at 20 square inches for the same consump- 
tion of coal.t Tredgold's J calculations give an 
area of about 14 square inches for the same quan- 
tity of coal consumed per hour, when the boiler 
is worked at a low temperature, and very con- 
siderably less than this when the temperature is 
high. Some of these calculations, however, are 
for much higher chimneys than are ever used for 
the purpose that we are here considering, and the 
lower the chimney the larger the area ought to be. 
But, from what has been stated, sufficient may be 
gathered to estimate the size of chimneys for such 
common purposes as are here supposed to be 
required.^ 

* Minutes of Institution of Civil EngineerSy June, 1844. 

t Armstrong on *' Steam-boilers," p. 80. 

t Tredgold on "Warming and Ventilating," &c., p. 114. 

I Those who wish to investigate this subject further may 
refer to Pielefs Traiti de la ChaUuryV. 79, et seq. ; Wyman ** On 
Ventilation," &c., p. 392, etseq. ; Sylvester " On Chimneys;" 
Bees' " Encydopeedia and Annids of Philosophy," &c. ; 
Gilbert ** On Ventilation," &c. ; Quarterly Journal of Science 
for 1822; and Tredgold "On Warming and Ventilating," 
p. 114, et seq.; and Dr. Ure, Phil. Transactions^ 1836. 
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CHAPTER VI- 

ESTIMATE OP THE HEATINQ SURFACES BEQUIKED 
TO WARM ANY DESCRIPTION OF BUILDINGS. 

Heat by Combustion — Quantity of Heat from Coal — Specific 
Heat of Air and Water — Measure of Effect for Heated Iron 
Pipe— Cooling Power of Glass — Effect of Vapour— Quantity 
of Kpe required to warm a given Space— Time required to 
heat a Building — Facile Mode of calculating the Quantity 
of Pipe required in any Building — Quantity of Coal con- 
sumed. 

(92.) Having in the preceding chapters investi- 
gated the fundamental principles of the hot-water 
apparatus, we proceed to consider some particulars 
which are necessary to be kuown, in order to apply 
the preceding remarks, and correctly to apportion 
the various parts of the apparatus, and calculate 
the effects which will be produced under various 
circumstances. 

Very eiToneous notions are entertained by many 
persons as to the absolute quantity of heat con- 
tained in different substances. This subject has 
already been mentioned; and, in the present 
chapter, we shall have occasion to apply this law 
of specific heat in several important calculations. 

(93.) It will, however, be desirable first to ascer- 
tain tne quantity of heat which can be obtained 
by the decomposition of combustible materials by 
fire ; for in this also, it may be observed, very 
erroneous notions prevail. The quantity of heat 
obtainable by the combustion of any substance is 
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not, as many persons appear to consider, illimitable, 
but it is as fixed and determinate as any other of 
the laws of heat. The amount of heat by com- 
bustion depends on the chemical composition of 
the particular substance ; but although this heat 
may be either wasted or advantageously applied, 
according as the apparatus used for its combustion 
is imperfect or otherwise, still it must be remem- 
bered there is a maximum effect, which has been 
accurately ascertained, and which cannot be ex- 
ceeded in any form of apparatus ; though in no 
apparatus yet invented has it been possible ab- 
solutely to render available the whole of this heat. 

Although every kind of fiiel differs in the quan- 
tity of heat that it affords, it is unnecessary here 
to inquire into any other than the ordinary de- 
scriptions used for purposes similar to that we are 
now considering. The calculations, therefore, will 
be made with reference only to coal and coke of 
ordinary and average qualities. 

(94.) It is stated by Watt that one pound of 
coal will raise the temperature of 46 lbs. of water 
from 55** to 212^ Rumford states the same quan- 
tity of coal will raise 36A lbs. of water from 32^ to 
212**; and Dr. Black has estimated that one pound 
of coal will make 48 lbs. of water boil, supposing 
it previously to be at a mean temperature. These 
quantities, when reduced to a common standard, 
vary but little from each other. Watt's experi- 
ment, of 46 lbs. of water being heated from 55** to 
212% is equal to 39i lbs. only, if heated from 32** 
to 212** ; and this nearly agrees with Count Rum- 
ford's calculation; at least, the variation is not 
more than might be expected from a slight dif- 
ference in the quality of the coal. Dr. Black's 
estimate is as much in excess over the experiments 
of Watt as Rumford's is in defect; we may, there- 
fore, take the average of these three experiments, 
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which win give us a result, that 39 lbs. of wat» 
may be heated from 32^ to 212^ by one pound of 
coal. 

(95.) The results of later experiments show 
that, as an average effect, the above calculations 
are very accurate, when practically applied on a 
large scale. Mr. Parkes* found tliat the greatest 
effect he could produce, by his improved mode of 
firing, was 10*3 lbs. of water at the temperature 
of 212^ evaporated by one pound of coal ; and 
that, by the ordinary methods of firing, the 
average obtained is only 7*5 lbs. of water of the 
like temperature evaporated by one pound of 
coal. The first of these is equal to 57-2 lbs. of 
water heated from 32^ to 212* by one pound of 
coal ; and the latter is equal to 41-6 lbs. of water 
heated to the like extent, and which very nearly 
agrees with the experiments of Watt, Kiunfora, 
and Black. In the Cornish engines, however, a 
much higher result is obtained. Mr. Parkes has 

fiven the residts obtained in the " United Mines," 
uring eight months, from which it appears the 
greatest evaporation is 15*3 lbs., and the average 
quantity 11 '8 lbs. of water evaporated from the 
temperature of 212** by one pound of coal. The 
former of these gives 85 lbs., and the latter 
651 Ihs. of water, raised from 32'' to 212** by one 
pound of coal; which residts appear to be the 
nighest that are practically attainable, and are 
very much greater than can be produced with any- 
other boilers, or qualities of coal, than those with 
which the expenments were made. In all the 
subsequent calculations, therefore, the average of 

* Mr. Parkes " On the Evaporation of Water fix)m Steam- 
Boilers," in tlie Transaetians of the Institution of Civil £n^i- 
ne&r$, 1838; and these results yery nearly agree with the 
results arrived at by Mr. Herepath from purely physical calcu- 
lations. (Herepath's Mathematical Phynes, vol. i., p. 351.) 
See also note to Art 71, ante. 
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the experiments of Watt, Rumford, and Black 
will be adhered to, as being the most correct for 
ordinary practice; and we shall shortly have 
occasion to apply them, in elucidating that branch 
of the subject which is included in the present 
chapter. 

(96,) In order to ascertain the effect that a 
certain quantity of hot water will produce in 
warming the air of a room, there appears to be no 
better method than that of computing from the 
specific he|it of gases compared with water. 

(97.) Every substance, it is well known, has its 
own peculiar specific heat : that is, a given weight, 
or volume, of any particular substance at a certain 
temperature, contains a definite amount of heat, 
which, if imparted to any other substance, will 
produce upon this last a certain known effect, 
though it will be different for every different body 
or substance. Now, it is ascertained that one 
cubic foot of water, by losing one degree of its 
heat, will raise the temperature of 2990 cubic feet 
of air,* the like extent of one degree ; and by 
losing 10** of its heat, it will raise the temperature 
of 2990 cubic feet of air 10" or 29,900 cubic feet 
one degree, and so on. 

(98.) But this calculation regards only the 
ultimate effect which will be produced, without 

* The specific heat of equal tcetghts of water and air, by the 
experiments of Berard and Delaroche, is found to be as 1 to 
'26669 : but as the volume or bulk of an equal weight of atmo- 
spheric air is to water as 827-437 to 1, we shall have -26669 : 
1 : : 827-437=3102, which is the number of cubic feet of air 
that has the same specific heat as one cubic foot of water. This, 
howerer, appears to be rather too high a calculation ; for Dr. 
Apjohn, in a memoir recently published (i2({p^. £r%t. Set. Aaoe.^ 
vol. iv.), gives the result of a new mode of determining the 
specific heat of permanently elastic fluids, by which he makes 
the specific heat of atmospheric air *2767 when that of 
water is represented by unity. Therefore -2767 : 1 : : 827-437 
=2990, which is the number given in the text. 
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reference to the time which will be required to 
obtain the result. To ascertain the time that is 
required to heat the air, which is a most essential 
element in every calculation connected with the 
subject under consideration, recourse must be had 
to direct experiments ; for the rate at which a 
given quantity of hot water will impart its heat to 
the surrounding air depends upon the nature and 
extent of surface of the body which contains it, as 
well as upon the degree of motion which the air 
possesses. The effect of the velocity rf the air, 
however, is not necessary here to be considered, 
as it is only to a still atmosphere in a building 
that these calculations are to be applied. But as the 
radiating and conducting powers of different sub- 
stances vary considerably, it is necessary to make 
experiments with the same substance or material 
as the pipes for which we wish to estimate the 
effect, before we can arrive at any conclusions 
as to the quantity of heated surface that wiU be 
re(juired to produce any desired temperature in a 
bmlding. 

(99.) From experiments made to determine 
this question, it appears that the water contained 
in an iron pipe of iour inches diameter internally, 
and four and a half inches externally, loses '851 
of a degree of heat per minute, when the excess 
of its temperature is 125^ above that of the cir- 
cumambient air. Therefore (by Art. 97) one 
foot in length of pipe four inches diameter will 
heat 222 cubic feet of air one degree per minute, 
when the difference between the temperature of 
the pipe and the air is 125°.* 

♦ From the data given in Art. 270, Chapter XH., it appears 
that 171*875 cubic inches of water, exposed to the cooling 
inflnence of the air by 287*177 square inches of surface of 
cast iron, loses *8 of a degree of Fahrenheit per minute when 

105 V *fi 
the air is 79' colder than the pipe : therefore ^^ = 1*265 
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This calculation will serve as the basis hj 
which we may estimate the quantity of heating 
surface for any building. But before we can 
apply it practically, we must know what quantity 
of neat the building will lose per minute, by the 
cooling power of the glass, by ventilation, radia- 
tion, and all other causes which may tend to 
lower its temperature ; for on these several causes 
must obviously depend the quantity of heat that 
is required to be added to it by the warming 
apparatus. 

(100.) The quantity of air required for ventila- 
tion, and the method of ventilating buildings, are 
considered in subsequent chapters (Chapters III. 
and IV., Part II). It is unnecessary, therefore, 
in this place to pursue the subject further than to 
state that, in public buildings and rooms of dwell- 
ing-houses, a quantity of air equal to from three 
and a half to five cubic feet for each individual 
the room contains must be changed per minute, 
in order to preserve the wholesomeness and 
purity of the atmosphere.* 

will be the loss of heat per minute when the temperature of 
the pipe is 125® above that of the air. But this quantity of 
water, if exposed in a pipe of four inches diameter inside, 
and four and a half inches outside, will only be surrounded 
by 193*435 square inches of radiating surface; therefore 

,^ = '851% will be the loss of heat per minute by 

a four-inch pipe, when the excess of temperature is 125® above 
the circumamoient air. As all pipes are technically known 
by their internal diameter, this mode of measuring is here 
used, although the external measurement would be a more 
correct definition for these calculations. 

* This estimate is given for ordinary building. In the 
Houses of Parliament, and in some other buildmgs, where 
expense is of no consideration, a much larger quantity of air 
has been introduced for ventilation very beneficially; and 
when the cost of the apparatus is unimportant, it may be 
assumed that the larger the quantity of rresh air introduced, 
the greater wiU be the comfort and salubrity. 
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(101.) The loss of heat in all buildings having 
any great extent of glass we shall find to be 
very considerable. It appears by experiment* 
that one square foot of glass will cool 1-279 cubic 
feet of air as many degrees per minute as the 
internal temperature of the room exceeds the 
temperature of the external air ; that is, if the 
difference between the internal and the external 
temperature of the room be 30*, then 1-279 cubic 
feet of air will be cooled 30^ by each square foot 
of glass, or, more correctly, as much heat as is 
equal to this will be given off by each square foot 
of glass; for, in reality, a very much larger 
quantity of air will be a,ffected by the glass, 
but it will be cooled to a less extent. The real 
loss of heat firom the room will therefore be what 
is here stated. 

(102.) But though this amount is only calcu- 
lated for a still atmosphere, as intense cold is 
seldom or never accompanied with high winds, f 
no additional allowance needs be made for this 
cause, provided we estimate sufficiently low for 
the external temperature. For the highest winds 
are generally about March and September, and 
the average temperature of the former month is 
46^, and the latter 59j^ The greatest diurnal 
variation of the thermometer is 20** in March, 
and 18^ in September; so that the average tem- 
perature of the nights will be 36® in March, and 

♦ << Experiments on Cooling," Art. 271. 

t That intense cold is rarely accompanied by high winds is 
matter of common experience. The obliquity of the sun's 
rays on the higher latitudes of the northern hemisphere, 
when near the time of the winter solstice, prevents the atmo- 
sphere of those places which are distant from the tropics from 
receiving any considerable quantity of heat ; and, tnerefore, 
the air being all of nearly equal density, there is but Httle 
tendency to aerial currents in the lower strata. 
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60* in September.* But we shall presently find 
(Art. lOO) that when the external atmosphere is 
at 36°, the quantity of pipe required to warm a 
building to 65* is only about one-half of what 
would be necessary were the external air at 10* ; 
therefore, if we calculate that the external tem- 
perature will be 10*, when we estimate the quan- 
tity of pipe required to warm any buildings 
which are to be used during the night, and that 
it will be 25* or 26* externally, in the case of 
such buildings as are only wanted to be warmed 
during the day, the required heat can then be 
maintained, even during the time of high winds.f 
But in such situations as are very much ex- 

E)sed to high winds, it will be prudent to calcu- 
te the external temperature from zeroj to com- 
pensate for the cooling power of the wind ; and, 
m very warm and sheltered situations, a less 
range m the temperature will be sufficient. Local 
knowledge of the situation will therefore be neces- 
sary to guide the judgment in particular cases. 

(103.) The difference between the cooling effect 
of glass which is glazed in squares and that which 
is lapped is very trifling in those buildings where 

* These temperatures are for the neighbourhood of London. 
In Mardi, 1837, the night temperature, obtained by a register 
thermometer, only ayeraged 31*1°, which is nearly 6° lower 
than has been known for many years. Mr. L. Howard, in his 
" Climate of London," states that the average temperature, 
ascertained by observation for ten years, is as follows : — 

In London. In the Country. 
yjr , C Mean highest temperature . 47-31° 48*46** 

^^^^"'^ • • [ Mean lowest temperature . 3732*' 84-57° 
Q^ . , * Mean highest temperature . 65-91° 65-42° 
oeptemoer . | j^^^ j^^^^^ temperature . 52-45° 47-03° 

t By reckoning the external air at the aboye temperatures, 
the wind may have a velocity of from twenty to thirty miles 
an hour, without producing any diminution of the intemid 
temperature ; for it is probable that the cooling effect of wind 
on ordinary window-glass is not above one-half so mu(^ as 
appears by the experiments, Art. 271. 
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the air contains much moisture. This is the case 
in hothouses, where the plants are constantly 
steamed; and therefore, for such buildings, no 
farther allowance should be made on this account 
for loss of heat.* But in skylights of dwelling- 
houses, in consequence of tne greater dryness 
of the atmosphere, the heated air will escape 
through the laps of the glass in greater quantity, 
in proportion as less vapour is condensed on the 
surface. The height of the skylight will also 
make a considerable difference in the velocity of 
the escape of air through the laps, as it depends 
upon the same principles which have been ex- 
plained (Art. 21) as governing the motion of 
water, the increased velocity bein^ relatively as 
the height and the difference oi temperature 
between the internal and external air.f 

(104.) In making an estimate of the quantity 
of glass contained m any particular building, the 
extent of surface of the wood-work must be care- 
fully excluded from the calculation. This is par- 

* The calculations of the specific heat of air, giyen in the 
note, Art. 97, are only for dry air. If the temperature be at 
60^ and the air saturated wiUi moisture, then the same quan- 
tity of heat will only raise the temperature to 2,967 cubic feet 
of this saturated air any given numoer of degrees, which would 
have raised 2,990 cubic feet of dry air to the like temperature. 
This 2,967 cubic feet of saturated air will contain 68 cubic 
inches of water ; and this quantity of water will absorb as 
much heat during its conversion into vapour as would raise 
the temperature of 11 7,507 cubic feet of air one degree. This 
is equal to the entire heat that 46 feet of pipe, four inches 
diameter, will give off in ten minutes, when the temperature 
is 140° above that of the air. The fl^lass, will, however, cool 
much less of this saturated air than of dry air, for the 
mixture of air and vapour has greater specific heat than dry 
air. With lapped glass the loss of heat will be lees with 
saturated than with dry «dr, because the vapour, when con- 
densed upon the glass, will run down and nearly fill up the 
crevices between the laps, and effectually prevent the escape 
of the air, and thereby avoid the loss of heat. 

t See also Chapter Y., Fart II. 
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ticTilarly necessary in buildings used for horticul- 
tural purposes, wnere, from the smallness of the 
panes, the wood-work occupies a considerable 
space. The readiest way of calculating, and 
sufl&ciently accurate for ordinary purposes, is to 
take the square surface of the sashes, and then 
deduct one-eighth of the amount for the wood- 
work. In the generality of horticultural build- 
ings, the wood-work fiilly amounts to this quan- 
tity ; but in some expensively finished conserva- 
tories, &c., it is considerably less, and therefore 
the allowance must be made accordingly. When 
the frames and sashes are made of metal, the 
radiation of heat will be quite as great from 
the frame as from the glass; therefore, in such 
cases, no deduction must be made.* 

Some loss of heat will likewise arise from imper- 

* Some persons have imagined that the loss of heat from a 
glass roof will vary greatly with the angle which the roof 
forms with the horizon. But this variation in the effect can- 
not be very considerable. It can only be that portion of the 
heat lost by conduction of the air that can vary in this 
manner ; and calculating the ordinary excess by which the 
temperature of the hothouse exceeds ^e temperature of the 
external air, this portion of the heat is only about three- 
seyenths of the whole (see Art. 227, &c.). But a small part 
only of this quantity will be affected by the angle of the glass. 
For the cooling effect of wind will be in proportion to the number 
of particles of air brought into contact in a given time ; and with 
a horizontal wind this will be directly as the sine of the anele 
which the roof forms with the horizon. Supposing, then, the 
roof to be at an angle of 34^, as recommended by Mr. Knight 
(ffortteuL Tratu. vol. i. p. 99), we shall find that the sine 
of the angle multiplied by the above-mentioned portion of the 
heat affected by the conducting power of the air will give as 
a result that, at the angle of 34^, there will be about two- 
ninths more of the heat carried off by the conducting power of 
the air than would be the case if the glass were placed hori- 
zontally. But, practically, this loss -mil be very materially 
lessened by an effect which is not capable of being reduced 
to any exact calculation. When a stream of air strikes an 
upright surfiEice of glass, it is not reflected back again upon 
itself, but glides along tlie surfftcey and by the increased neat 



112 LOSS OF HEAT IN BUILDINGS. 

feet fitting of doors and windows. In these cases 
the circumstances vary very considerably ; but, 
in the majority of instances, no allowance is neces- 
sary for these sources of loss of heat, the external 
temperature of the air having been reckoned (Art. 
102) sufficiently low to supersede the necessity of 
any farther deduction. 

(105.) From the preceding calculations, the fol- 
lowing corollary may be drawn : The quantity of 
air to be warmed per minute in habitable rooms 
and in public buildings must be from three and a 
half to five cubic feet for each person the room 
contains, and one and a quarter cubic feet for each 
square foot of glass.* This air has to be heated 

will be directed upwards in a vertical line. ('* Quetelet'e 
Philosophy," note 5, Appendix.) Passing, then, in this direc- 
tion, it meets another stream of air proceeding in a line 
parallel to the original line of its motion ; and it is by this 
again driven more closely in contact with the glass. But, 
having been warmed by the contact in the first instance, it 
will abstract less heat £rom the glass, and will tiius prevent, 
to a considerable extent, the farther loss of heat, until by the 
upward motion of the air it finally escapes into space. The 
same effect will be produced by a glass roof lymg at any 
angle ; but it is clear the heated particles will escape upwards 
more easily in proportion as the angle of the roof is smaller. 
Now, these effects are exactly the opposite of each other. 
The cooling effect of the wind increases with the angle of the 
roof, and is greatest on a vertical surface ; while the counter- 
acting influence, by the interference of the particles of air 
with each other, also increases in nearly the same proportion ; 
and therefore the variation in the angle of the roof makes far 
less difference than might at first be expected in the cooling 
effect. The difference, however, between the cooling of a 
vertical pane of glass and a perfectly horizontal one is not 
inconsiderable in nish winds ; out the angle of a roof must 
be veiy small indeed before it can escape the influences above 
described, and be brought to assimilate with a horizontal roof. 

* As corrugated sheet-iron is comine much into use, it may 
be proper to observe that the loss of heat from this kind of 
material is exactly the same as from the like extent of glass 
(see ** Experiments," Chapter XII.), and must be allowed for 
accordingly, wherever it is used. 
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fix)m the external temperature, to the temperature 
at which the room or building is required to be 
kept. For conservatories, forcing-houses, and 
other buildings of this description, ttie quantity of 
air to be warmed per minute must be one and a 
quarter cubic feet for each square foot of glass 
which the building contains; and this air also will 
hare to be heated from the external temperature 
to the proposed temperature of the building. When 
the quantity of air to be heated per minute bbb been 
thus ascertained, the quantity of pipe that will be 
necessary to heat the building may be found by 
the following rule : — 

Rule : — ^Multiply 125 by the difference between 
the temperature at which the room is purposed to 
be kept, when at its maximum, and the tempera- 
ture of the external air ; and divide this product 
by the difference between the temperature of the 
pipes and the proposed temperature of the room ; 
then the quotient thus obtained, when multiplied 
by the number of cubic feet of air to be warmed 
per minute^ and tjiis product divided by 222, will 
give the number of feet in length of pipe, four 
inches diameter, which will produce the desired 
eflPect.* 

When the pipes which are to be used are three 
inches diameter, then the number of feet of four- 

* Jjetp be the temperature of the pipe, and t the tempera- 
ture the room is required to be kept at, then — ^ = «, which 

will represent the number of feet of pipe that will warm 222 
cubic feet of air one degree per minute, when p—tis different 
to the proportions given in Art. 98. If d represents the dif- 
ference between the internal and the external temperature of 
the room, and e the number of cubic feet of air wnich are to 

be warmed per minute, then a:- g— = ^ will be the number of 

feet of pipe, four inches diameter, which will warm any quantity 
of air per minute, according to the calculations. Art. 98. 

The rule given in the text has been arranged in such a 
manner that it may be worked without decimals. 

I 
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inch pipe, obtained by this rule, must be multi- 
plied by 1"33, which mil give the length of three- 
mch pipe ; or, to obtain the quantity of two-inch 
pipe, the length of pipe four mches diameter, ob- 
tamed by the rule, must be midtiplied by two ; 
the length required of three-inch pipe being one- 
third more than four-inch, and the length of two- 
inch pipe being double that of the four-mch, when 
the temperatures are the same in all. 

(106, J By the following Table, howevOT, even 
the simple calculations given in this rule may be 
dispensed with. The Table shows the quantity 
of pipe four inches in diameter which is required 
to heat 1,000 cubic feet of air j??^ wmtifeany number 
of degrees. The tempOTature of the pipes is as- 
sumed to be 200** of Fahrenheit, this being the 
most usual temperature at which they can be 
easUy maintained. But, according to the length of 
pipe which is heated by one boiler, the temperar 
ture will sometimes be greater and sometimes less 
than this estimate, the temperature of the water 
bein^ generally higher when only a small quantity 
of pipe is usea. When the quantity of air to lie 
warmed per minute is greater or less than 1,000 
cubic feet, the proper quantity of jjipe will be 
found by multiplying the length given in the 
Table by the actual number of cubic feet of au- 
to be warmed per minute^ and dividing that pro- 
duct by 1,000. 
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Tablb IV. 
Table showing the Quantity of Pipe, four inches diameter, 
which will heat 1,000 Cubic Feet of Air per Minute, any 
required number of Degrees : the Temperature of the Pipe 
being 200® Fahrenheit. 



Tempentnra 


Temperature at which the Boom is requiied to be kept. 


of eztonuJ 
Air. 






1 




















FaluenlMlfB 
Soale. 


45° 


60*^ 


56° 


60» 


65® 


70° 


76° 


80° 


85« 


90° 


10° 


126 


150 


174 


200 


229 


269 


292 


328 


367 


409 


ir 


119 


142 


166 


192 220 


251 


283 


318 


367 


399 


14° 


112 


135 


169 


184 212 


242 


274 


309 


347 


388 


16° 


106 


127 


151 


176 


204 


233 


265 


800 


337 


378 


18° 


98 


120 


143 


168 


196 


225 


256 


290 


328 


368 


20° 


91 


112 


135 


160 


187 


216 


247 


281 


318 


358 


22° 


83 


106 


128 


162 


179 


207 


238 


271 


308 


347 


24° 


76 


97 


120 


144 


170 


199 


229 


262 


298 


337 


26° 


69 


90 


112 


136 


162 


190 


220 


263 


288 


327 


28° 


61 


82 


104 


128 


154 


181 


211 


243 


279 


317 


30° 


64 


75 


97 


120 


146 


173 


202 


234 


269 


307 


'gSS»32° 


47 


67 


89 


112 


137 


164 


193 


225 


269 


296 


34° 


40 


60 


81 


104 


129 


155 


184 


215 


249 


286 


36° 


82 


52 


73 


96 


120 


147 


175 


206 


239 


276 


38° 


26 


45 


66 


88 


112 


138 


166 


196 


230 


266 


40° 


18 


37 


68 


80 


104 


129 


167 


187 


220 


265 


42° 


10 


30 


50 


72 


96 


121 


148 


178 


210 


245 


44° 


3 


22 


42 


64 


87 


112 


139 


168 


200 


235 


46° 


, , 


16 


34 


66 


79 


103 


130 


159 


190 


226 


48° 




7 


27 


48 


70 


95 


121 


150 


181 


214 


60° 






19 


40 


62 


86 


112 


140 


171 


204 


62° 




•• 


11 


32 


64 


77 


103 


131 


161 


194 



\* To ascertain by the above Table the quantity of Pipe 
which will heat 1,000 cubic feet of air per minute, find, in the 
first oolmnn, the temperature corresponding to that of the 
external air ; and at the top of one of the other columns find 
the temperature at which the room is to be maintained ; then, 
in this latter column, and on the line which corresponds with 
the external temperature, the required number of feet of pipe 
will be found. 

(107.) If the building which it is designed to 
warm is reqtdred to be used only during the day, 
the air, in this part of the country at least, is 

I 2 
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scarcely likely to be below 26® ; but if — ^as for a 
forcinff-house, for instance — ^it is required to be 
heated both by day and by night, then, perhaps, 
10° will not be too low to calculate from, or 22** 
below the freezing-point. Suppose, now, we want 
to calculate the quantity of pipe required to heat 
a forcing-house to 75"" in the coldest weather — 
which we will assume to be 10° of Fahrenheif s 
scale, or 22° below freezing. We have already 
seen (Art. 101 — 105) that the quantity of heat 
required for horticultural buildings is merely so 
much as is necessary to replace the heat given off; 
or, in other words, to compensate for the loss 
sustained by the glass. The actual cubic measure- 
ment of the house signifies nothing in this case ; 
it is the glass alone which gives off any appre- 
ciable heat ; and therefore watever quantity of 
pipe will compensate for this loss of heat by the 
glass will also warm the house in the first 
instance, and maintain it at the required tem- 
perature afterwards ; because, until the air of the 
house is heated to its maximum temperature, the 
glass will cool proportionally less air, the cooling 
power of the glass being obviously exactly pro- 
portional to the difference between the internal 
and external temperature. The pipe, .therefore, 
gives off more heat to the air in the earlier stages 
of the operation than the glass transmits bv 
radiation to the external atmosphere; and this 
difference in the effect is actually the rate at 
which the building becomes heated; and the 
increase of the temperature of the building con- 
tinues until the radiating power of the glass 
exactlv balances the heat given off by the pipes ; 
and the heat given off by the pipes, it may be 
observed, constantly decreases^ wnue the cooling 
power of the glass increases with every addition to 
the temperature of the internal air. We see, then, 
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that when we have estimated the surface of glass in 
such a buildinff, we can calculate the quantity of 
pipe that will heat it. For suppose the house has 
800 square feet of glass : we find (Art. 105) that 
every square foot of glass cools one and a quarter 
cubic feet of air per minute as many degrees as the 
internal exceeds the external temperature. If 
therefore the external temperature be 10"*, and the 
internal temperature is required to be 75"*, then 
800 square feet of glass will (as above stated) cool 
1,000 cubic feet of air jt?^ minute from 75° down to 
10^ By the Table, then, in tlie column marked 
75®, and on the line marked 10"* for external tem- 
perature, we find the quantity 292 ; which is the 
number of feet in length of pipe, four inches 
diameter, that are required to heat this 1,000 cubic 
feet of air per minute the required number of 
degrees. This quantity of pipe, therefore, will 
heat a building having 800 square feet of glass, 
whatever the actual size of the building may be. 
And whenever the quantity of air to be heated 
per minute is either greater or less than 1,000 
cubic feet (or, in other words, when the quantity of 
glass is greater or less than 800 square feet), then 
the proper quantity of pipe will be obtained by 
the nile of proportion, as already stated (Art. 106). 
(108.) The above rule will not, however, give 
the length of time required to heat any particular 
building. This will, of course, depend upon many 
circumstances; nevertheless, some approximation 
may be made to the average time required. 
Suppose the maximum temperature of the pipe to 
be 200®, the water being at 40® before lighting the 
fire; then the maximum temperature in horti- 
cultural buildings will be attained with 

Four-incli pipes, in about four and a half liours. 
Three-incli pipes, in about three and a quarter hours. 
Two-inch pipes, in about two and a quarter hours. 
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But if a larger quantity of coal than that given by 
the Table be used — ^if the surface of the boiler be 
much increased in proportion to the length of 
pipe — ^if the quantity of pipe used be excessive — 
or the temperature of the external air is higher 
than the estimated amount, then, in each of these 
cases, the time required for heating will be less. 
But if, on the contrary, the required temperature 
be not attained in the time given above, then 
either too small a quantity of pipe, too small a 
surface of boiler, or too small a quantity of coal 
has been used. 

It should, however, be observed, that although 
the maximum temperature will not be reached, on 
an average, in less time than is above stated, still 
the required temperature will very often not take 
longer than half, or two-thirds of this time, to be 
attained; because the quantity of pipe being 
always apportioned to meet the case of extreme 
cold, when the external temperature is above that 
extreme limit, the pipe, by being superabundant, 
will warm the same space in a shorter time. 

(109.^ These calculations of the time required to 
heat buildings will only apply to those cases where 
the cooling surfaces are very large, and the propor- 
tion of pipe very considerable, relatively to the 
actual dimensions of the building. Wherever, on 
the contrary, the cubical content of the bmlding is 
large in proportion to its cooling surfaces, the 
time required to raise its temperature wiU be 
greater than is above stated, in consequence of 
the very smaU proportionate quantity of pipe; 
and this will be found to vary greatly m diflferent 
descriptions of buildings. Churches and other 
large builduigs (which only require a small heat- 
ing surface relatively to their cubic contents) will 
generally require the longest time to heat ; dwel- 
nng-houses will require a shorter time, and horti- 
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cultural buildings the shortest of all. The length 
of time above estimated only applies to the latter 
description of buildings ; fer the other kinds of 
buildings the period will be very variable, and 
can scarcely be determined, except for each in- 
dividual case. 

(110.) Various circumstances may, however, in- 
terfere to diminish the effect of the apparatus ; 
such, for instance, as damp walls — ^particularly if 
the building is new — excess of ventilation, &c. 
The effect of damp walls in reducing the apparent 
power of an apparatus is very considerable, in 
consequence of the great quantity of heat which is 
necessary to evaporate the moisture. For it will 
require as much heat to vaporize one gallon of 
water from the walls of a building as would raise 
the temperature of 47,840 cubic feet of air 10^. 
The true power of an apparatus can, therefore, 
never be ascertained unless the buildmg be per- 
fectly dry. The same cause, though in a much 
less degree, becomes operative in buildings which 
are only occasionally warmed ; and a longer time 
will always be necessary to heat such places than 
those that are in constant use. 

(111.) For estimating the quantity of pipe which 
is required to warm any building, rules of a much 
more fetcile character, though at the same time 
more loose and inaccurate than those that have 
been abeady given, may be deduced.* They are 
the results of experience,' and they have been 
found so generally useful in practice, and in most 

♦ The following rules muflt not be oonfonnded with that 
already given, lie former rule gave the result entirely from. 
an estimate of the quantity of glass, mthout any reference to the 
cuhie contents of the building ; the present rules, on the contrary, 
are founded entirely on ike cuoic contents of the building 
without cUrect reference to the quantity of glass. The results 
however, of the two rules will be found to agree with sufficient 
accuracy for most practical purpoiee. 
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cases so nearly accurate in their results, that ihey 
are here given at considerably greater length 
than in the earlier editions of this work. 

Churches and large Public Rooms. — To heat 
these when they have an average number of doors 
and windows, and only moderate ventilation, 
divide the cubic measurement of the building by 
200, and the quotient will be tJie nunAer of feet in 
length of pipe^ four inches diameter j that will be re- 
quired to produce a temperature of about 55"* in 
very cold weather.* This is equivalent to allow- 

* GhuFcheB and other buildiiiffs for oontaining large assem- 
blages of people ought never to oe heated to a very high tem- 
perature, on account of the great quantity of animal heat 
given off in crowded congregations. It has been ascertained, 
by calculations founded on the amount of oxygen consumed, 
that a man generates a quantity of heat in 24 hours sufficient 
to raise 63 lbs. of water rrom. the freezing to the boiling point. 
Of this quantity, as much heat is expended in forming the 
vapour that pasises off by perspiration and by transpiration 
from tlie lungs as would heat about 36^ lbs. of water 180**; 
and the remainder of the heat, which is equal to raising the 
temperature of 26 J lbs. of water 180% passes off by radiation 
from the body. {QueteUfs Philosophy, Art. '^Keai.") Now these 
resiilts, if reduced to the same standard that has been cuLopted 
in the preceding calculations, will lead to the conclusion that 
as mucn heat is given off per minute from the body of an advlt 
man as would be produced by an iron pipe four inches 
diameter and Aree-and-a-half feet long, filled with water at 
200*. This estimate, however, in practice, would be found too 
high ; for where there is no muscular exertion less heat is 
produced ; and the increased temperature of the surrounding 
mediimi would also prevent its n-ee radiation. For, as aU 
bodies only give off heat in proportion to their excess of tem- 
perature, the human body being constantly at the temperature 
of 98* nearly twice as much heat would be given off (if the 
body were freely exposed) when the surrounding medium is 
at 60** as would be the case if the latter were raised to 70". 
It is found also that, on an average, women only consume 
about half aa much oxygen as men {Combers Principles of 
Physiology^ 4th edition, p, 222), and therefore they can only 
produce half aa much heat ; the consumption of oxygen always 
being proportional to the heat generated. From these facts 
it will appear that not only shomd buildings such as those we 



FOR WARMING BUILDINGS. 121 

ing five feet of four-inch pipe for every thousand 
cubic feet of space which the building contains. 
If the apparatus is so contrived that the warming 
of the air is effected before it actually circulates 
in the room, and that the same portions of air are 
not returned to be heated a second time, but fresh 
portions of external air are brought successively 
in contact with the heating apparatus, it wiU 
require from 60 to 70 per cent, more pipe to 
produce the same effect; but the air will, of 
course, be more pure and fresh.* 

are now considering, not be too liighly heated, but that the 
pmes shoiild be moderately small in diameter, in order to allow 
or the temperature being more easily lowered when the 
building is filled with people. Some experiments on the heat 
thus given off from theJiuman body are given in Wyman '' On 
Ventilation," p. 185. 

♦ This mode of calculating the quantity of pipe, will differ 
from the previous mode of (»Bilculating by the surface of glass 
and the allowance necessary for ventilation, to a much greater 
extent in the case of churdiies than almost any other kind of 
building. The reasons for this are twofold : not only does the 
proportion of glass to the area of the building differ to a very 
great extent in different churches ; but, besides this, if the quan- 
fiiy of pipe were only just sufficient to compensate for the loss 
by the cooling power of the glass, it would require far too long 
a time to heat the church to the required temperature, in conse- 
quence of its very great area in proportion to the total heating 
surface. In college chapels, and some other ecclesiasticai 
buildings, where the quantity of glass is particularly small, 
this is remarkably the case ; and the former rule woiild hardly 
give one-fourth the quantity of pipe found by the latter. 
Now, in these cases, when the quantity of glass is so very 
small, a less quantity of pipe would certainly suffice than that 
obtained, by the latter rule of allowing five feet of four-inch 
pipe for each thousand cubic feet of space : and it must be 
decided by experience whidi rule shall be adopted in such 
cases. Because in those cases where the warming apparatus 
is kept constantly in operation, the smaller quantity of pipe 
obtained by the first rule would suffice ; but in cases where 
the apparatus is only heated once or twice a week, it requires 
to be much more powerfiil, in order to produce the required 
effect in a sufficiently short time. For a very large majority 
of churches, the rule last given will be correct ; but when any 
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DwELLiNO-RooMS. — ^These will generally require 
about 12 feet of four-inch pipe to eyery thousand 
cubic feet of gnpace contained in them^ to giye a 
temperature of about 65^ To raise the tempera- 
ture to 70'' will require about 14 feet of four-inch 
pipe. 

Halls, Shops, Waiting-rooms, etc., will require 
about ten feet of four-inch pipe to every thousand 
cubic feet of space, to raise the temperature to 
about 55*" ; for a temperature of 60*", about twelye 
feet of four-inch pipe will be required. 

Work-rooms, Manufactories, etc., where a tem- 
perature of about 50** to 55** only is required, will 
generally be sufficiently heated oy six feet of four- 
inch pipe for every thousand cubic feet of space 
they contain ; for a temperature of 60** about eight 
feet of pipe will be required. 

Schools, and Lecture-rooms, requiring a tem- 
perature of 55** to 58**, will require from six to 
seven feet of four-inch pipe to every thousand 
cubic feet of space. 

Drying-rooms, or closets, for drying wet linen, 
and other substances, require from 150 to 180 feet 
of four-inch pipe to every thousand cubic feet of 
space to raise the temperature to 120** when empty, 
or about 80** when the room is filled with wet 
linen.* 

Drying-rooms, for curing bacon, or for drying 
paper, or leather, or damp hides, will require 
twenty feet of four-inch pipe to every thousand 
cubic feet of space to give a temperature of about 
70^ 

doubt maj exist as to its applicabilify to any particular case, a 
very safe plan will be to oidculate the quanti^ of pipe by both 
roles: add the results together, and divide the resulting quan- 
tity by two. This plan will give a result which wiU Bsfeij 
meet almost any case that can arise. 
* See also Art. 176 and 177. 
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GrREENHOUSES AND CONSERVATORIES, requiring a 
temperature of about SS"" in the coldest weather, 
must have 35 feet of four-inch pipe for each thou- 
sand cubic feet of space they contain. 

Graperies and Stove-houses, requiring a tem- 
perature of 65** to 70'' in the coldest weather, will 
require 45 feet of four-inch pipe for each thousand 
cubic feet of space ; and if a temperature of 7(y* to 
75'' is required, 50 feet of four-inch pipe must be 
allowed for each thousand cubic feet of space. 

Pineries, Hothouses, and Cucumber-pits, re- 
quiring a temperature of SO'*, must have about 55 
feet of four-inch pipe for every thousand cubic feet 
of space the house contains. 

The quantity of pipe estimated in this way will 
only suit for such buildings, whether horticultural 
or otherwise, as are built quite upon the usual 
plan and of the ordinary proportions ; for, if they 
vary much from the most ordinary construction, 
these rules will not be accurate, and the method 
given in the former part of this chapter should then 
be employed. 

(112.) Although these calculations are all made 
on the supposition of using pipe of four inches 
diameter as the heating surface, it is by no means 
intended to recommend that as the best size for all 
purposes. For all horticultural purposes it is the 
best, where it can be used ; but for most other 

Eurposes, smaller pipes, or even other forms of 
eating surfaces, may generally be more advan- 
tageously employed. K the pipes used are only 
three inches diameter, we must add one-third to 
the quantities here given ; and if pipes of two 
inches diameter are used, double the quantity 
will be required. 

(113.) It should here be mentioned, that the 
calculations for the quantity of pipe required for 
horticultural buildings have been made with a 
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view to the most economical mode of effecting 
the desired object. Some of the most successful 
horticulturists, however, have adopted the plan 
of usiDg a much stronger heat in their forcing- 
houses, and allowing, at the same time, a much 
greater degree of ventilation than usual. This 
plan is stated to produce a finer £ruitage; but 
it will only be obtained at an increased cost 
in the apparatus, and by a larger expenditure 
of fuel. Where economy is not required, it may 
perhaps be desirable to adopt this plan ; and then 
the quantity of pipe which is used must be pro- 
portionally increased above the estimates which 
are given in this chapter. 

(114.) The quantity of coal necessary to sup- 
ply any • determinate length of pipe is easily 
ascertained, firom the data given m Art. 270. 
After the water in the pipes is heated to its 
maximum, the quantity of coal consumed is, 
obviously, just what is required to supply the 
heat given off firom the pipes. Now, by Art. 
99 we find that when pipes tour inches diameter 
are 146*8** hotter than tne air of the room, the 
water contained in them loses exactly 1** per 
minute of its heat. By Art. 94, we find that 
1 lb. of coal will raise tne temperature of 39 lbs. 
of water 180''; therefore, as 100 feet in length of 
four-inch pipe contains 644 lbs. of water, it will 
require 13*9 lbs. of coal to raise the temperature 
of this quantity of water 180''. If, therefore, the 
water loses l"* of heat per minute, or eO"" per hour, 
this quantity of coal mQ supply 100 feet m length 
of pipe for three hours, if its temperature con- 
tinue constant with regard to the air of the room. 
On this principle the following Table has been 
constructed. The temperature of the pipe is 
assumed to be 200**: then, knowing the tem- 
perature of the room, if we take the difference 
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between the temperature of the pipe and that 
of the room, by looking in the Table for the 
corresponding temperature, we shall find under 
it the number of pounds weight of coal which 
will be required per hour for every 100 feet 
in length of pipe, in order to maintain the 
stated temperature. Thus, suppose the pipe to 
be four inches diameter, ana its temperature 
200**, while the room is at 75**, then, under the 
column headed 125* (which is the differencie be- 
tween these two temperatures), we find 3*9 lbs. 
as the quantity required per hour for every 100 
feet of pipe. The quantities stated in the Table 
are given in pounds and tenths of a pound. 

Tablb V. 

Table of the Quantity of Coal used per Hour to heat 100 Feet 

in length of Pipe of different Sizes. 



Diameter 
of 


Difference between the Temperature of the Pipe and 
the Room in Degrees of Fahrenheit. 


in Inches. 


160 


146 


140 


136 


130126 


m 


116 


110 


106 


100 


96 


90 


86 


80 


4 


4-7 


4-6 


4-4 


4-2 


413-9 


8-7 


3-6 


34 


3-2 


3-1 


2-9 


2-8 


2-6 


.. 


3 


8-6 


3-4 


3-3 


31 


30 2-9 


2-8 


2-7 


2-6 


2-4 


2-3 


2-2 


21 


20 1-8 

1 


2 


2-3 


2-2 


2-2 


21 


20 1-9 


1-8 


1-8 


1-7 


1-6 


1-6 


1-4 


1-4 


1-3 1-2 

1 


1 


11 


11 


11 


10 


1-0 


•9 


•9 


•9 


•8 


•8 


•7 


•7 


•7 


•6 


•6 



(115,) It should, however, be borne in mind 
that an apparatus will not always consume the 
same quantity of coal; in fact, it will seldom 
require near so much as the Table shows, because 
that is the calculation for the maximum effect. 
Suppose the quantity of pipe in a room has been 
accurately calculated, in order to maintain the 
temperature at 75^ when the external air is at 
30**, the consumption of coal for pipes of four 
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inches diajneter will then be 3*9 lbs. per hour 
for every 100 feet of pipe. But shoula the ex- 
ternal temperature now rise to 40'', 77 feet of 
pipe would produce the same effect as 100 feet 
would in the former case; therefore the pipe 
must be heated to a lower temperature ; and it 
will be found by calculation, that only 3 lbs. of 
coal would be used, instead of 3*9 lbs. As much 
coal, therefore, as would supply 77 feet of pipe at 
the maximum temperature would sufGice fer 100 
feet at this reduced temperature. The quantity 
of fuel which is consumea will, therefore, be con- 
tinually subject to variation, as it will alter with 
the temperature of the external atmosphere ; and, 
in general, the average quantity of coal required 
will be fiill V one-third less than the amount given 
in the Table. 

It is almost unnecessary to observe that, in cal- 
culating this Table, it has been assumed that the 
boiler and furnace are of good construction ; for 
on no other basis could an estimate be formed. 
Very great differences, however, exist in this 
respect ; and for such ca^es no estimate whatever 
can possibly be made. 
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CHAPTER VII. 

Yarious Modificationfl of the Hot- Water Apparatus — ^Kewley's 
Siphon Principle— The High-pressure System — ^Eckstein 
and Busby's Eotary Moat Circulator — Fowler's Thermo- 
siphon — ^Rice's improved Hot- water Boxes — ^Bendle's Tan^ 
System — Corbett's Trough System for Evaporation — Theory 
of Evaporation. 

(116.) Under the common and generic term of 
*^ hot-water apparatus" various plans have been 
brought forward by different inventors, which, 
though essentially different in some of their features 
from those that have been already described, are, 
nevertheless, merely modifications of the gener^ 
principles that have been explained. In tne pre- 
sent chapter some of these peculiar modifications 
of the invention will be investigated ; and it will 
appear that the original principles of all are the 
same, but that other of the fundamental laws of 
Nature are here brought into action conjointly 
with those that we have already examined, and 
give rise to an apparent diversity of operation. 

(117.) The firet notable invention of this sort 
which shall be mentioned, is Kewley's siphon 
principle. The sketch, fig. 36, shows this appa*- 
ratus m its simplest form. The boiler is open at 
the top, and the two pipes dip into the water ; the 
pipe A descending only a very short distance below 
the surface, and the pipe b reaching nearly to the 
bottom of the boiler. A small flexible metal pipe, 
ar, is attached to the highest part of the pipes. To 
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this an air-pump is connected, and the air in the 
pipes being exnausted by this means, the atmo- 
spheric pressure forces the water up the pipes and 

fills them completely. 

Fra. 36. This avoids the ne- 

-^ cessity of having a 

reservoir of water 

higher than the top 

of the boiler; for it 

is well known, that 

the usual atmosph eric 

pressure is capable of 

raising a column of water in a vacuum to about 

30 feet in height, varying, however, with the 

deCTee of pressure shown by the barometer. 

The water in the longer pipe b will acquire a 
preponderance of weight over that in the pipe a 
even if it be at first of an equal temperature and 
density ; because the pipe b only receives the par- 
ticles of hot water whicn rise immediately under 
its base, while the other receives the heat fi-om all 
parts of the bottom as well as the sides of the 
boiler; the water on the top being hotter than 
that at the bottom. But as soon as the water cir- 
culates through the pipes, it parts with its heat, 
and the whole length of the pipe b will then be 
colder than the pipe A, and the water will descend 
through B with greater force. 

In consequence of the long pipe b being sur- 
rounded by the hot water in the boiler, the water, 
while descending through it, receives a small por- 
tion of heat, which lessens the difference of tem- 
perature of the two pipes, and reduces the velocity 
of the circtdation. It appears probable, therefore, 
that additional velocity of circulation would be 
gained by placing the descending pipe b outside 
the boiler, and attaching it to the side in the same 
manner as the return-pipe in fig. 5. The prin- 
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cipal inconvenience attending this would be the 
difficulty of stopping the ends of the two pipes a 
and B, which is now done by the simple con- 
trivance of a plate screwed moveably to the base 
of each of the pipes, by means of an external rod 
passing over the pipes a and b, with a screw 
attached on the top ; and by turning this the plate 
is drawn up into close contact with the end of 
the pipe. This completely stops the water when 
necessary, the ends of the pipes being turned true 
to the plates, to make them water-tight ; and by 
reversing the action of the pump, attached to the 
pipe x^ and thus making it into a force-pump, the 
soundness of the joints can then be ascertained. 
A leaky joint is difficult of detection by any other 
means, as there is no emission of water from it in 
the usual way ; and as the only immediate conse- 
quence of a leaky joint is the immission of air, it 
is not observable except by its stopping the circu- 
lation of the water, which occurs by the air accu- 
mulating and cutting off the connexion of the 
water between the two pipes. 

If this plan of having the return-pipe placed 
outside the boiler were found to increase the 
motive power of the apparatus, an advantage 
would be gained in all those cases where the 
pipes are required to pass under a doorway, 
becanise, in all such cases, the boiler for tlus 
apparatus must be set much further below the 
level of the floor than is required for the com- 
mon hot-water apparatus. But by increasing the 
motive power, a less height would be sufficient ; 
and it would therefore prevent the inconvenience 
sometimes found to attend this particular form 
of the apparatus, arising from the great depth the 
furnace is required to be sunk beneath the level 
of the pipes, m consequence of the very large size 
of the boiler which is generally used. 

K 
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(118.) A singular fact is connected with this 
invention, which deserves notice, because it arises 
from a philosophical principle, which, in some 
other instances, has been appUed in a most useful 
manner ; * though, with this particular invention, 
it is rather disadvantageous than otherwise. It 
has already been stated, that the height to which 
the water wiU rise in a vertical column, by the 
atmospheric pressure, is about 30 feet above the 
boiler. Supposing this to be the extreme limit to 
which the water will ascend in the pipes, the 
slightest elevation above this will cause a vacuum 
to be formed, similar to that at the top of a baro- 
meter, and the water at the top of the pipe will, 
in this case, be without any pressure. jBut if, 
instead of 30 feet, the pipe be continued upwards 
only 16 feet, then the pressure on the water, in 
the upper part of the pipe, wiU be 7i lbs. on the 
square inch, or half the usual atmospheric pres- 
sure; and so on for other heights. Now, the 
boiling-point of all Kquids varies with the pres- 
sure. Water boils at 212**, imder the mean pres- 
sure of 15 lbs. per square inch ; but by reducing 
the pressure, it boils at a lower temperature ; so 
that at half the mean pressure of the atmosphere 
it boils at about 186**. Suppose now that the 
pipes just described rise 30 feet above the boiler, 
the water at the top wiU boil at the temperature 
of 16P, and will form steam in the upper part of 
the pipe ; and this, by its great expansion, will 
force tne water down and overflow the boiler or 
the supply cistern. For, at the ordinary pres- 
sure of the atmosphere, steam occupies about 

* The boiling of liquids in vacuo is well known, and has 
been most extensively applied in many cases. The boiling of 
sugar in VAOuum-pans is one of the most successful appli- 
cations of science to the arts which modem times has pro- 
duced. 
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1,700 times as much space as the water from 

which it is formed, and still more at a diminished 

pressure, its expansion being inversely as the 

pressure. When the pipes rise to other heights 

above the boiler than that described above, the 

boiling-points will be as foUows : — 

At 5 feet bigh, the boiling-point will be 203^ 
10 195^ 



15 
20 
25 



186^ 
178^ 
169** 



30 161° 

Therefore the water in the boiler must always be 
kept below these temperatures, according to the 
height to which the pipes ascend.* 

This peculiarity, which applies only to pipes on 
the siphon principle, is more a philosophical fact 
than a practical difficulty; for the water C9,n 
generally be kept at a temperature sufficiently 
low for any ordinary height that is requirea. 
And, in fact, the boHmg-point wiU generally be 
higher than the temperatures here stated, be- 
cause a small portion of air always remains in 
the pipes, which increases the pressure on the 
water, and makes the boiling-pomt higher than 

* Tbese calculations are made by Wollaston's rule for bis 
tbermometric barometer. But tbis rule, altbougb accurate at 
moderately small differences of pressure, becomes erroneous at 
considerable reductions of pressure. Professor Eobison esti- 
mates tbe boiling-point of water in vacuo at only 88% instead 
of 161% wbicb tbe above calculation sbovirs ; and it is probable 
tbat the relative proportion between tbe pressure and tbe 
boiling-point is in a logarithmic ratio, instead of the common 
arithmetical proportion of Wollaston's rule. This, in fact, is 
found to be the case at temperatures above 212^ But it is 
probable that, in the present case, Wollaston's rule will give 
a more accurate result than the other, because, as the vacuum 
in the pipes cannot be at all perfect, the boiling-points will 
be much higher than the calculated temperature; perhaps 
even higher than stated in the text. See Eohiwm'a Mechanical 
Philosophy, vol. ii., pp. 22 — 87 ; and Wollaston ** On the Tber- 
mometric Barometer,^' Philosophical TVamactions, 1817, p. 183. 

K 2 
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the calculated amount. This form of the ap- 
paratus answers the intended purpose when 
worked with care, and is a very ingenious appli- 
cation of scientific principles; but it requires 
more care in working than the ordinary appara- 
tus, and is now comparatively but little used. 

(119.) The next invention which we shall con- 
sider is the High-Pressure hot-water apparatus.* 
This apparatus consists of a coil of small iron 
pipe, bmlt into a fiimace, the pipe being con- 
tinued from the upper part of the coil, and passes 
round the room or building which is to be warmed, 
forming a continuous pipe when again joined 
to the bottom of the coil* The diameter of this 
pipe is one inch externally, and half an inch 
internally. A large pipe, of about two and a 
half inches diameter, is connected in some part of 
the circulation, either horizontally or vertically, 
with the small pipe, and is placed at the highest 
point of the apparatus. This large pipe, which is 
called '^ the expansion pipe," has an opening near 
to its lower extremity, by which the apparatus 
is filled with water, the aperture being afterwards 
secured by a strong screw; but the expansion 
pipe itself cannot be filled higher than the open- 
mg just named. After the water is introduced, 
the screws axe all securely fastened, and the 
apparatus becomes then hermetically sealed. The 
expansion pipe, which is thus left empty, is cal- 
culated to hold about h as much water as the 
whole of the small pipes ; this being necessary 
in order to allow for the expansion that takes 
place in the volume of the water when heated, 
and which otherwise would inevitably burst the 
pipes, however strong they may be. For the 
expansive force of water is almost irrepressible, 
in consequence of its possessing but a very small 

* Repertory of Arts, ^c, vol. xiii. (1832), p. 129. 
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degree of elasticity ; and the increase which takes 
place in its volume, by raising the temperature 
from 39** (the point of greatest condensation) to 
212"*, is equal to about A part of its bulk, and at 
higher temperatures the expansion proceeds still 
more rapidly.* 

The temperature of these pipes, when thus 
arranged, can be raised to a very great extent ; 
for, being completely closed, ana all communi- 
cation cut off from the atmosphere, the heat is 
not limited, as usual, to the pomt of 212®, because 
the steam which is formed, is prevented from 
escaping, as it does in the conunon form of hot- 
water apparatus. The most important considera- 
tion respecting it, however, is tne question as to 
its safety ; for most persons axe aware that steam, 
when confined beyond a certain point of tension, 
becomes extremely dangerous; and in this ap- 
paratus the bounaary of what has hitherto been 
used in other cases is very far exceeded. 

(120.) On the first introduction of this plan, it 
was usual to make the coil consist of one-fourth 
part of the total quantity of pipe which was used 
in the apparatus ; and it was considered that, 
when this proportion was observed, the heat of 
the pipes could not be raised so high as to 
endanger them by bursting. But in practice 
this has not always proved a preventive to acci- 
dent, even when the proportion which the coil 
bears to the radiating simace is much smaller 
than is here mentioned, f 

♦ See Table IV., Appendix. The force which would be 
exerted on the pipes by this expansion of A of the volume of 
the water would be equal to 14,121 lbs. per square inch, 
according to the experiments of Professor Qlrstead. Report^ 
British ScierUifie Association, vol. ii., p. 353. 

f The specification to the patent for this invention states, 
that when the radiating surface is three times that of the coil, 
the pipes cannot burst. It has, however, been found neces- 
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The average temperature of these pipes is 
stated to be generally about 350"* of Fahrenheit. 
But a most material difference of temperature 
occurs in the several parts of the apparatus, the 
difference amounting sometimes to as much as 
200° or 300**. This arises from the great resist- 
ance which the water meets with, in consequence 
of the extremely small size of the pipes, and also 
from the great number of bends, or angles, that 
of necessity occur, in order to accumulate a suffi- 
cient quantity of pipe. In these anffles, the bore 
of the pipe, already extremely small, is still fur- 
ther reduced, whicn causes the water to flow so 
very slowly, that a great portion of its heat is 
given out long before it has circulated round 
the building wnich is to be warmed. The tem- 
perature of the coH, however, is what we must 
ascertain, if we wish to know the pressure this 
apparatus has to sustain, and thence to judge 
of its safety : for, by the fundamental law of the 
equal pressure of fluids, whatever is the greatest 
amount of pressure on any part of the apparatus 
must also be the pressure on every other part. 

(121.) Now the temperature of this apparatus 
is foTmd to vary, not only with the intensity of 
the heat of the furnace, but also with the propor- 
tion which the surface of the coil bears to the 
surface of the pipe which radiates the heat. In 
some apparatus, if that part of the pipe which is 
immediately above the fiimace be filed bright, 
the iron will become of a straw colour, which 
proves the temperature to be about 450"*.* In 
other instances it will become purple, which 

Bary greatly to increase the proportion of radiating surface, in 
order to prevent the bursting by excessive pressure ; and the 
radiating surface is now frequently made ten times that of the 
coil in the furnace. 

* See Table VI., Appendix. 
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shows the temperature to be about 530^; while, 

in some cases, it will become of a full blue colour, 

which proves that the temperature is then 560^ 

^ By this means the pressure on the pipes may be 

'known; for, as there is always steam in some 

}>art of the apparatus, the pressure may be calcu- 
ated so soon as the temperature is ascertained. 
By referring to Table I. in the Appendix, we 
shall find that a temperature of 450** produces a 
pressure of 420 lbs. per square inch, while a 
temperature of 630** makes the pressure 900 lbs. ; 
and when it reaches SeO"", the pressure is then 
1,160 lbs. per square inch. 

(122.) Those who are acquainted with the work- 
ing of steam-engines are aware that a pressure of 
three or four atmospheres is considered as the 
maximum for high-pressure boilers : but we see 
that in this apparatus the pressure varies from ten 
times to twenty times that amount. And it will 
also be borne in mind that, in consequence of the 
extremely small quantity of water used in these 
pipes, the slightest increase in the heat of the 
liirnace will cause an immediate increase in the 

Pressure on the whole apparatus. For it appears, 
y a reference to the Table last mentioned, that 
if the temperature of the pipes be increased 60° 
above the amount before stated, the pressure will 
be raised to 1,800 lbs. per square inch ; and by in- 
creasing the temperature 40° more, the pressure 
will be immediatdy raised to 2,600 lbs. per square 
inch ; so that any accidental circumstance, which 
causes the furnace to bum more briskly than usual, 
may, at any moment, increase the pressure to an 
immense amount.* 

* This increased pressure is also extremely likely to oocur 
in this apparatus whe;n a portion of the pipe is occasionally shut 
off by means of cocks or valves. In tms case the coil in the 
furnace becomes too powerful for the apparatus, and an expio* 
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(123.J The pipes which are used for this appa- 
ratus are stated to be proved with a presstire of 
2,800 lbs. per square inch.* This is very probable: 
for as wrought iron of the best quality requires a ^ 
longitudinal strain of 65 ,419 lbs. to break a bar one 
inch square, so the force necessary to break a 
wrought-iron pipe of one inch diameter externally, 
and half an inch diameter internally, would be 
13,852 lbs., which is equal to 8,822 lbs. per square 
inch on the internal diameter. But, on account of 
the strain on these pipes being trauverse to the 
grain of the iron, and also in consequence of the 
welded joint of the pipe not being so strong as the 
solid metal, these pipes will not bear anything 
like the calculated amount of pressure. It is 
evident, however, that no ordinary force can burst 
them ; but, as this casualty does sometimes occur, 
this great strength of the materials proves the im- 
possibility of regulating the temperature in her- 
metically sealed pipes, so as to keep the expansive 
force oi the steam within even this immense 
limit. 

(124.) Although this description of apparatus 
has been erected by many different individuals, 
possessing various degrees of mechanical know- 
ledge, and severally performing their work with 
different degrees of excellence, much uniformity 
appears in the result, in those cases where failure 
has occurred. From a comparison of a number of 
cases where accidents have happened to apparatus 
erected on this system, more than one-half have 

sion is then very likely to occur, unless the utmost caution be 
observed in regulating the fire. This source of danger is pecu- 
liar to the high-pressure system of heating, and does not at all 
apply to any of the other plans which have been described. 

* As pipes are always proved when they are cold, this does 
not at all show the strain they will bear when heated. On this 
subject see the following Note. 
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arisen from the bursting of the coil, notwithstand- 
ing the increased size of the expansion pipe renders 
this latter apparently the weakest part of the appa- 
ratus ; the relative strength of pipes, with the 
same thickness of metal, being inversely as their 
diameters. 

(125.) The cause of the explosions occurring 
principally in the coil is owing to the iron becom- 
mg weaker in proportion as its temperature is 
raised ; so that, as the pressure increases, the iron 
decreases in strength to resist the strain.* Another 
circtunstance also tends to produce the same effects. 
It is foimd, on breaking one of these pipes, after it 
has been used for some time in or near the fire, 
that the iron has lost its fibrous texture, and that 
it presents a crystallized appearance, similar to 
what is known as " cold short iron." This sin- 
gular change, in the texture of iron has been 
noticed in other instances. Mr. Lowe {Report^ 
British Scientific Association^ 1834) has found that 
wrought iron at a red heat, exposed to the steam 
of water for a considerable time, becomes crystal- 
lized ; and in many other instances also, even 
without the presence of steam, the same effect has 
been observed. The cause of this phenomenon 
has not been clearly ascertained ; but, whatever it 
may be, the effect undoubtedly is to weaken the 

* The temperature of maximum strength for cast iron has 
been estimated at about 300^; but the '< Committee on the 
Explosion of Steam-BoUers," appointed by the Franklin Insti- 
tution, consider that the maximum for wrought iron is higher 
than this, and that 572^ may be considered as the temperature 
of maximum strength. After the temperature of maximum 
strength is once passed, the decrease in the strength of wrought 
iron is considerable: at a red heat, or about 800^, it loses about 
one-fifth of its strength. The maximum strength of copper, 
on the contrary, is at a very low temperature ; for the strength 
increases with every reduction of temperature down to 82^, 
which is the lowest that has been tried. Bee Chapter XI., 
Art. 265 and 266. 
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tenacity and cohesive strength of the metal to a 
very great extent.* 

(126.) But we shall find that, enormous as the 
pressure appears to be, with which these pipes are 
proved, it is not adequate to the working pressure 
which they sometimes have to resist It has been 
ascertained that the strength of wrought iron 
decreases considerably at temperatures above 572*', 
and as it also loses a great deal of its stren^h 
when it assumes the crystallized state, varymg 
with the circumstances, and sometimes amoimting 
to three-fourths of its original strength, it will 
appear that the proof pressure, when cold, for 
pipes which are to be used in this kind of apparatus, 
ought, in fact, to be much greater than the amoimt 
to which they are actually proved ; and hence the 
cause of these pipes bursting after they have been 
in use for some considerable time, if tiiey happen 
accidentally to get heated to very mgh tem- 
peratures. 

(127.) The question has sometimes been asked. 
What would be the efltect on this apparatus if the 
expansion-pipe were to be filled with water, as 
well as the small circulatory pipe ? The almost 

* The author, in a paper which was read before the Institu- 
tion of Civil Engineers {Minutes of the Institutiony June, 1842), 
endeavoured to trace the cause of the extraordinary change 
which iron undergoes in these and some other circumstcuices. 
Percussion at certain high temperatures produces an instanta- 
neous change, and, at lower temperatures, longer-continued 
percussion produces the same effect. Heating and rapid cooling 
likewise produce ciystaUization ; and, in every case, magnetism 
appears to accompany the phenomena ; but whether as cause 
or effect is not easy to determine. The subject is altogether 
of great interest, both in a practical and in a scientific point of 
view; and experiments on a large scale are in progress in 
order to determine the question. Other metals besides iron 
are, probably to some extent, affected in a similar manner ; 
and it is probable that, under certain circumstances, sponta- 
neous change in the molecular structure of iron occurs, tJiough 
far more slowly than by the action of percussion and heat. 
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immediate consequence would be the bursting of 
the pipes ; for scarcely anything can resist the 
expansive power of water. The force necessary 
to resist its expansion is equal to that which is 
required for its artificial condensation. Now, at 
the temperature of 386°, water expands rather 
more than A of its bulk ; and to condense water 
this extent (Note, Art. 12) requires a pressure of 
27,104 lbs. per square inch; therefore, in an 
apparatus containinff 800 feet of pipe, the burst- 
ing; pressure at this temperature, on the cir- 
culating and expansion pipe together,* would be 
417,022,144 lbs. I But, as nothing could resist 
such a force as this, the apparatus would burst 
before it reached even a fractional part of this 
immense amount. For if the pipes were fiUed 
completely full of cold water, without allowing 
any room for expansion, and if they were then 
hermetically sealed, as before described, by in- 
creasing the temperature of the water only about 
60% the expansion of the water would cause a 
pressure of 2,000 lbs. per square inch on every 
part of the apparatus, reckoned by the internal 
measurement. 

(128.) The assertion has often been made, that 
the heated fluid contained in an apparatus con- 
structed on this plan will not scald, even if the 
pipes should chance to burst, because high-pressure 
steamy it is well known, is not injurious in this 
respect. But this is quite a mistaken notion ; for 
high-pressure hot water will scald, though hi^h- 
pressure steam wiU not; and the fluid which 
would issue through any fissure that might occur 
in these pipes could only be partially converted 
into steam, unless its temperature were at least 

* The sixain being an ezpanBiye force ^m within, the 
pressure is only exerted on the inside measurement of the 
pipes. 
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1,200^. This is obviously impossible; but were 
it the case, the water would be all converted into 
steam the instant that it issued from the pipe. 
The reason that high-pressure steam does not 
scald is in consequence of its capacity for latent 
heat being greatly increased by the nigh state 
of rarefaction it instantaneously assumes when 
suddenly liberated; this lowers its sensible tem- 
perature, and causes it to abstract heat from 
eveiything that it comes in contact with. The 
seaming effect of high-pressure hot water, on the 
contrary, when suddenly projected from a pipe or 
boiler by explosion, win always be the same, 
whatever its temperature may be while confined 
within the pipe ; for, the instent it is liberated, a 
portion of it is converted into steam, and the 
remainder sinks to the temperature of about 212*. 
(129.) Among the advantages which have been 
supposed to arise from the use of this invention, 
it has been imagined that, in consequence of the 
quantity of water which the pipes contain being 
so small, the consimiption of coal would be less 
with this than with any other description of hot- 
water apparatus. We have seen, however (Art. 
114), that the quantity of coal which is used is in 
proportion to the heat that is given off in the room 
that is warmed; and a reference to the Table 
(Art. 114) wiU show that the size of the pipe 
makes no difference in the consumption of coal 

Eer hour, provided the same effect is required to 
e produced, the only difference being in the 
length of time required to warm the water in the 
first instance. But there will, on the contrary, 
be a greater expenditure of fiiel in this apparatus, 
in consequence of the coil affording less surface 
for the fire to impinge against than would be 
obtained by using a boiler. In addition to this, 
the colder any surface may be when exposed to 
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the action of a fire, the more heat will it receive 
in a given time; therefore, as the heat of these 
pipes is nearly three times as great as that of a 
boiler, there must be a considerable waste of fuel 
from this cause. 

(130.) In consequence of the intense heat of 
these pipes, it is sometimes found that rooms 
which are heated by them have the same dis- 
agreeable and unwholesome smell which results 
from the use of hot-air stoves and flues. In 
reality, the cause is the same in both cases ; for 
it anses partly from the decomposition of the 
particles of animal and vegetable matter that 
continually float in the air, and partly from a 
change which atmospheric air undergoes by pass- 
ing over intensely heated metallic surfaces.* 
From some experiments recorded in the PhUo- 
sophical Transactions of the Royal Society,t 
made with a view of ascertaining the effect pro- 
duced on the animal economy by breathing air 
which has passed through heated media, it appears 
that the air which has been heated by metallic 
sur&ces of a high temperature must needs be 
exceedingly imwholesome. A curious circumstance 
is related in reference to these experiments, which 
is illustrative of this fact : — 

" A quantity of air which had been made to 
pass throi^h red-hot iron and brass tubes was 
collected in a glass receiver, and allowed to cool. 
A large cat was then plunged into this factitious 
air, and immediately she fell into convulsions, 
which, in a minute, appeared to leave her with- 
out any signs of life. She was, however, quickly 

* The exaet nature of tliis change which the air undergoes 
has not been ascertcdned; but, whatever be the chemical 
alteration which occurs, a phyaioal change undoubtedly takes 
place, by which its electrieal condition is altered. 

t PhUoMpldeal Tramaetiom^ vol. zxvii., p. 199. 



142 THE HIGH-PRESSURE SYSTEM. 

taken out and placed in the fresh air, when, after 
some time, she began to mov6 her eyes; and, 
after giving two or three hideous squalls, ap- 
peared slowly to recover. But on any person 
approaching her, she made the most violent 
efforts her exhausted strength would allow to 
fly at them, insomuch that in a short time no 
one could approach her. In about half an hour 
she recovered, and then became as tame as 
before." 

(131.) The high temperature of these pipes, 
and the intensity at which the heat is radiated 
from them, have sometimes been urged as an 
objection against this invention, when applied to 
horticultural purposes, because any plants which 
are placed witnin a certain distance of them are 
destroyed. Although, no doubt, this effect really 
takes place, it can be easily avoided with proper 
care ; for, as radiated heat decreases in intensity 
as the sqtuire of the ^^tance, it only requires that 
the plants should be placed ferther off from these 
pipes than from those which are of a lower tem- 
perature. In comparing the effect of two dif- 
ferent pipes, if one be four times the heat of 
the other, deducting the temperature of the air 
in both cases, the plants must be placed twice 
as fer off from the one as from the other, in 
order to receive the same intensity of heat from 
each. The only inconvenience, therefore, is the 
loss of room, which in some cases may not be of 
much importance. But a more serious objection 
by far appears to lie in the inequality of tem- 
perature which any building heated by these 
pipes must have, in consequence of their being so 
very much hotter in one part than in another. 
This difference of temperature between various 
parts of the same apparatus has already been 
stated to amount, in some cases, to as much as 



THE HIGH-PRESSURE SYSTEM. 143 

200** or 300° ; varying, of course, with the length 
of pipe through which the water passes. From 
what has been stated in Chapter IV., it will also 
be observed that, owing to the smallness of these 
pipes, this kind of apparatus cools so rapidly 
when the fire slackens in intensity, that the heat 
of a building which is warmed in this manner 
wiU be materially affected by the least alteration 
in the force of tne fire, instead of maintaining 
that permanence of temperature which is so pecu- 
liarly the characteristic of the hot-water apparatus 
with large pipes. 

(132.) These inconveniences and objections 
against this apparatus, however, are of but 
secondary importance in comparison with the 
question which exists respecting its security. But 
as there are no means of regulating the tempera- 
ture in hermetically sealed pipes, so there can be 
none for limiting the pressure which they sustain; 
and it is only by methods far too refined for 
general use that the real amoimt of the expan- 
sive force can be ascertained. An apparatus 
which to all appearance, therefore, is perfectly 
safe at any given time of inspection, may, in 
a few minutes afterwards, have the pressure so 
much increased by adventitious circumstances as 
to render it extremely dangerous, particularly if 
its management be confidea to imskilfiil hands ; 
and eacn day that it is used must add to its 
insecurity, in consequence of the pipes which 
form the coil Continually becoming tninner by 
the action of the fire. The high temperature of 
these pipes has also frequently caused inflam- 
mable materials to take fire, and repeated acci* 
dents have occurred in this way. 

(133.) This invention undoubtedly exhibits 
great ingenuity ; and could it be rendered safe, 
and its temperature be kept within a moderate 
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limit) it would be an acquisition in many cases, 
in consequence of its facile mode of adaptation. 
Its safety would perhaps be best accomplished by 
placing a valve in the expansion-pipe, which, 
trom its large size, would be less likely to fail of 
performance than one inserted in the smaller 
pipe. If this valve were so contrived as to press 
with a weight of 136 lbs. per square inch, the 
temperature of the pipes would not exceed 350° in 
any part ; the pressure would then be nine atmo- 
spheres, which is a limit more than sufficient for 
any working apparatus where safety is a matter 
of importance. 

(134.) A modification of this apparatus was 
proposed, and a patent taken out in 1832, by Mr. 
Holmes, for using oU instead of water.* As 
fixed oils boil only at very high temperatures, 
it was supposed there would be no Lability to 
bursting the apparatus, as the temperature could 
not be raised sufficiently high to produce any 
pressure similar to that ftom steam. The tem- 
perature proposed to be employed was about 
400'', but the plan entirely fsdled, in consequence 
of oil, when exposed to very high temperatures 
for any considerable length of time, becoming 
thick and viscid, finally losing its fluidity, and 
becoming a gelatinous mass. Of course, under 
these circumstances, no circulation of the oil 
could be produced^ so as to render the apparatus 
practically useful. f 

(135.) An apparatus of a totally di£ferent cha- 
racter fix)m the preceding follows next to be 
described. It is an invention which, at first, 

* Jtep&rtofy ofArUy ^e.^ vol. xv. (1833), p. 79. 

t A patent was taken out in December, 1866, by Mr. John 
A. Coffey, for using distilled mineral oil very nearly in the 
same way as above described ; and, from present reports, it 
appears this oil does not congeal at high temperatures, and 
seems likely to afford some useful results. 
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appears to be singularly at variance with the 
general principles that have been laid down in 
this treatise; but, however its mode of action 
may at first appear to diflFer from the principles 
which have been explained, it is certam that if 
these principles are derived from the laws of 
Nature, they must act equally at all times and 
under all circumstances ; for the operation of the 
physical laws can never be suspended, though 
they may be occasionally neutralized by a supe- 
rior antagonist force. In the case of two oppos- 
ing forces, the resulting action is proportional 
to their difference of power ; but when the anta- 
gonist force is removed, each will act according 
to its own peculiar laws. 

This is the case with the invention now to be 
described. By it hot water is made to descend to 
any required depth below the boiler — apparently 
in opposition to the law of gravity — while the 
cold water will aseendy though of greater specific 
weight. 

(136.) Eckstein and Busby's Patent Circulator, 
or Kotary Float, is an invention by which centri- 
fugal force is made to overcome ^<q force of gravity ^ 
in the circulation of hot water.* The boiler, 
which is either opened ^^^ ^^ 

or closed at the top, 
has a pipe, a, attached 
to its circumference, 
which is carried in 
any direction, either 
downwards, or aroimd 
the room to be warmed, 
and finally returns into 
the boiler, and ends 
exactly in its centre, 
as shown at ft in the annexed figure. 

♦ Repertory of ArU, ^c, vol. xiv. (1832), p. 137. 
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The float, or circulator, has motion given to it 
by means of a fly, similar to a smoke-jack, which 
is placed in the chimney, and is turned by the 
smoke of the fire that is used to heat the boiler, 
the float being fixed on centres, and reyolving 
fireely in the boiler. The centrifiigal force im- 
parted to the water by the rapid rotation of this 
float causes it to rise higher at the periphery than 
in the centre of the boiler ; and the velocity with 
which the float moves determines the extent of 
this deviation fi^om the level. The end of the 
pipe by being in the centre, is then under a less 
pressure or head of water than the pipe a, the 
former being, by its position, removed from the 
greater pressure at the sides, which is caused by 
the ccmtrifiigal force imparted to the water by 
the float, wluch acts on the pipe a placed at the 
circumference. 

(137.) Suppose now the velocity of rotation to 
be such as to impart a centrifiigal force sufficient 
to raise the water one inch higher at the circum- 
ference than in the centre, there will then be a 
pressure of 246} grains per square inch upon the 
pipe a more than upon me pipe 3, supposmg the 
temperature of the water be about 180®. This 
additional pressure wiU allow the water in the 

Sipe a to descend 42 feet below the boiler, if it 
oes not lose more than 6* of heat before it 
returns back again to the boiler through the pipe 
i : if it lose 10**, then it will only descend 25i feet, 
and so on for other temperatures. Now, as a pipe 
four inches diameter loses '817 of a degree of heat 
per minute when its temperature is 120** above 
that of the room (Art. 270), this pipe may be of 
as great a length as the (ustance through which 
the water will flow in seven minutes and a half in 
the first case, or twelve minutes in the second. 
(138.) The length of pipe through which the 
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water will circulate in the above-mentioned times 
will depend upon the depth to which it descends 
below the boiler. In this apparatus, the shorter 
the distance through which the water flows, 
the greater is the rapidity of circulation — ^an 
effect which is the reverse of what occurs in the 
common form of hot-water apparatus. In general, 
the circulation is here very rapid ; but the dis- 
tance through which the water will travel is more 
limited than with the common plan of circulation. 
For, suppose the water to be raised by the centri- 
fugal force one inch higher at the periphery than 
at the centre of the boiler, and that it descends 42 
feet ; if the water in the pipe lose six degrees of 
heat during its transit, the circulation will then be 
extremely slow ; because, by the Table (Art. 15) 
we find that the difference of weight between two 
columns* of water 42 feet high, and six degrees 
difference of temperature, is 242 grains per square 
inch on the area of the pipe, which is within four 
grains of the weight of the one inch additional 
height of the water in the boiler. But if the 
difference between the temperature of the two 

Eipes be only four degrees, then the difference 
etween the weight of the two columns will be 
160 grains per square inch of the area of the pipe ; 
and (by Art. 21) we shall find that this will give 
a velocity of 81 feet per minute, so that the pipe 
may in this ease be about 400 feet long. But if 
the water only lose three degrees of heat during 
its transit through the pipes, then (by Art. 21) its 
velocity wiU be 100 feet per minute, provided it 
descends only 42 feet below the boiler ; and there- 
fore, the pipe may be about 350 feet in length. 
I£ the depth of the descent below the boiler be 
only one half the amount above-mentioned, or 21 
feet instead of 42, then the length of pipe through 
which the water will circulate will be lust double 

l3 
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the amount that has been stated for the several 
diflFerences of temperature.* 

These calculations are all made for pipes of four 
inches diameter ; but if smaller pipes be used, the 
distance through which the water will circulate 
will be less, because, as the quantity of heat lost 
in a given time by different sized pipes is as the 
inverse of their diameters^ so also will be the distance 
that the water will flow, if the velocity of its 
motion be the same.f 

(139.) If greater velocity be given to the fly- 
wheel and float, the centrifugal force and the 
height of the water at the circumference of the 
boiler will both be increased ; and the distances 
to which the pipes can be carried may then like- 
wise be extended. 

(140.) By using a close boiler instead of an 
open one, a range of pipes may be taken upwards 
which will act on the common plan of circulation, 
while another range of pipes majr proceed from 
the bottom, and act on the principle which has 
here been explained. In this case, the centrifugal 
force, of which the additional height at the cir- 
cumference of the boiler is merely the index or 
measure of effect, will still be of equal power, 
provided the velocity of the float continues the 
same ; and the water will therefore descend to the 
same extent as before. The spindle of the float 
must, in this latter case, pass through a stuffing- 

* This being exdiisive of friction, the actual length of pipe 
will be less than is here calculated. 

f It will be observed, from what has been stated respecting 
the common plan of circulation, that the whole of these effects 
are exactly the reverse of what tiiere occurs. In that, the 
greater the difference of temperature between the pipes, the more 
rapid the circulation : in this, the circulation is more rapid in 
proportion as the pipes are nearer to the same temperature. 
In the former, the circulation is more rapid when the pipes 
are moderately small ; in the latter, the larger the pipe the 
greater the velocity of circulation. 
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box on the top of the boiler, or some other con- 
trivance to answer the same purpose must be 
adopted. 

This invention, which is a happy application 
of dynamical principles to overcome one of the 
most constant of Nature's laws, by the develop- 
ment of an antagonist force, has hitherto been but 
little used. It is, however, clearly capable of being 
applied in those cases where the same object can- 
not be accomplished by any of the more simple 
means which have been previously described. 

(141.) Apian proposed by Mr. Edward Weeks 
for circulating water at different heights was some 
years since (1829) made the subject of a patent, 
but it is not necessary here to be described, as it 
has long since been superseded by more efficient 
means. A boiler, also of his invention, is de- 
scribed in Art. 87. 

(142.) Mr. Thomas Fowler, of Great Torrington, 
in 1828, took out a patent for an apparatus which 
he called a Thermo-siphon.* It was, however, 
wholly inapplicable to the purposes intended, in 
consequence of the complication of valves and 
cocks required to work it ; the whole of which 
complication is overcome by the invention of Mr. 
Kewley, described in Art. 117. 

(143.) An apparatus was invented by Mr. H. C. 
Price, and patented in 1829, which was designed 
principally to alter the form of the radiating sur- 
faces.f These surfaces, instead of being composed 
of pipes, are formed of flat close vessels, about 
three feet square, and 2i inches thick, placed 
edgeways (or vertically), so that when several of 
them are fixed together, a thin stratum of air 
passes upwards between them, and becomes heated 
m its passage. A main-pipe connects all these 

* Repertory of Arts, &c., vol. ix. (1830), p. 393. 
t Ibid. vol. X. (1830), p. 65. 
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vessels together at the bottom, another similar 

1)ipe is fixed at the top; and these main-pipes 
ead to and firom the boiler, thus keeping up the 
circulation of water in all these flat vessels at the 
same time. This is often a very convenient mode 
of applying a large extent of heating smface 
in a moderately small space ; but the principle of 
the circulation is in no way different fi'om the 
ordinary hot- water apparatus. The vessels con- 
taining the hot water are usually placed in a vault 
or chamber below the room or building to be 
wanned; and the air, when heated, ascends to 
the room above through ventilators in the floor, 
or other similar contrivances. 

For large buildings this plan answers exceed- 
ingly well, and very many extensive apparatus 
have been erected with perfect success, as it is 
always combined with a system of ventilation, 
which is too often neglected in other methods of 
heating buildings. 

(144.) A plan haa lately been proposed by Mr. 
Kendle, of Plymouth, as a novel moae of heating 
horticultural buildings, and which he has denomi- 
nated the " Tank System." The principal object 
proposed is to alfford bottom-heat to plants, with- 
out the use of bark, tan, dimg, or other expen- 
sive and troublesome materials. The plan re- 
commended is to construcJt a tank, either of 
brick, wood, slate, stone, or metal, immediately 
below the beds of the hothouse, the tank being 
the fiill width of the bed, and about four or five 
inches deep. A partition divides this tank up the 
centre, except about two or three inches at the 
further end ; and then, by connecting two pipes 
to the end of the tank nearest to the boiler — one 
leading from the flow-pipe of the boiler, and the 
other from the return-pipe — and placing these on 
the opposite sides of the before-mentioned parti- 
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tion, a circulation of water is produced, the hot 
water passing up one side of the tank and return 
ing back along the other side, the partition merely 
separating the two currents. The tank is first 
covered with large and strong slates, and then a 
layer of loose stones is laid, and subsequently 
layers of sand and earth ; and the sides of the 
tank are so constructed as to rise sufficiently high 
to make a convenient receptacle for these several 
layers of materials, through which the heat 
ascends to the plants placed in the earth on the 
top. 

Fig. 38. 




This form of apparatus is represented in fig. 38, 
which shows the tank without the cover, and also 
without the sides which support the layers of 
stones and earth. The tank, if made of brick, 
requires to be well stuccoed, in order to make it 
hold the water without percolation through the 
bricks; but the expansion caused by the heat 
renders it difficult to keep the tank perfect. Wood 
tanks are also liable to become leaky ; and when 
used, require to be made in the most substantial 
manner. 

(145.) The plan of affording bottom-heat in 
this manner possesses but small claims to novelty, 
except as regards the form of the vessel which 
contains the heated water. In 1788 steam was 
first used for giving a bottom-heat to plants by 
T. Wakefield, Esq., of Northwich. His expen- 
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ments were continued for several years with con- 
siderable success, and in 1792 the plan was 
adopted at Lord Derby's gardens, at Knowsley, 
apparently on the model of Mr. Wakefield's, and 
was attended with perfect success.* From 1801 
to 1806 the use of hot water, flowing through 
leaden pipes, placed about nine inches below the 
surface of the mould, was employed by T. N. 
Parker, Esq., of Sweeney Hall, Oswestry, for 
giving bottom-heat for melon-pits, the water 
circulating through a single pipe only, which was 
attached to a small copper boiler. Mr. Weston, 
of Leicester, in 1800, employed for the same 
purpose leaden pipes three inches diameter, filled 
with hot water, which, fi'om the slow-conduct- 
ing power of the metal, retained the heat for a 
great length of time.f In 1826, Mr. MacMurtie, 
gardener to Lord Anson, described a method of 
giving bottom-heat jointly by flues and steam, 
which he had successfully employed for a period 
of twelve years; J and in 1831 the author applied 
the circulation of hot water, on the common plan, 
through iron pipes of four inches diameter, for 
producing bottom-heat in forcing-pits, without the 
use of dung. 

All these plans have been successfol to a con- 
siderable extent ; but they all have one defect in 
common with Mr. Rendle's system. It is difficult 
to regulate the quantity of moisture ; and by some 
of these plans — ^particularly those where steam 
was allowed to evaporate in large quantities — 
there was too much damp for the plants, and by 

* A long account of these experiments will be found in the 
Bep&rtory of Arts, vol. xiv. (Ist series), p. 235, et seq.; and 
also in tlie Transaetiom of the Society of Arts and Manufae^ 
tureSy &c. 

t Repertory of Arts, vol. xiii., p. 238 (1st series). 

X Horticultural Transactions, vol. vi. ; and Quarterly Journal 
of Science, vol. xxii., p. 341. 
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others they were too dry. Mr. Rendle's tanks are 
liable to the same objections. And it is probable 
that the most efficient way of applying hot-water 
circidation for producing bottom-heat would be 
by passing large iron pipes of four inches diameter 
through troughs made water-tight, placed beneath 
the bed required to be heated, and fiDed with 
small loose stones. These stones, when once 
heated, will retain their temperature for a great 
length of time, and by potiring water into the 
trough, vapour can be raised to any extent that 
may be required, the quantity bemg much or 
little as circimistances may render desirable ; or 
the heat may be continued without any vapour, 
whenever a ory heat is required. The pipes need 
not be placed very close together; about 12 or 18 
inches apart from each other would probably be a 
good distance when four-inch pipes are used, 
depending principally upon the quantity of vapour 
which is required to be raised. 

(146.) Mr. Rendle proposes to make his tanks 
supply sufficient heat to warm the air of the 
house, as well as to produce a bottom-heat for the 
plants. Those who adopt this plan will soon 
find that it can only be used as an adjunct to any 
other method, ana that it cannot supersede the 
ordinary modes of heating horticultural buildings. 
The cluef merit of this plan consists in bringing 
into action a large reservoir of hot water, con- 
tained in slow-conducting materials ; by which 
(when the tank is connected with the pipes that 
heat the air of the house in the usual way) greater 
equality of temperature Can be maintained in a 
hothouse than by any other method which com- 

E rises only a smaller body of hot water. This, 
owever, does not appear to form any part of Mr. 
Rendle's system. In a small pamphlet, published 
by him, the apparatus is described as intended 
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both to heat the air of the house, as well as to give 
bottom-heat to the plants ; and when the tank is 
made of brick, according to his recommendation, 
the quantity of heat radiated from the exterior 
surface must necessarily be so small that sufficient 
heat to warm the air of the house in cold weather 
cannot possibly be obtained. Iron tanks, instead 
of brick, have been proposed by other parties ; 
by which this latter objection would be overcome : 
but by the greater radiating power of the iron 
the advantages contemplated by Mr. Eendle 
would not be obtained. The bnck tank, when 
used only for bottom-heat, and as an addition to 
the usual arrangement of pipes for warming the 
air, may frequently form a very useful apparatus ; 
but it will probably give way to some better 
arrangement, by wmch the vapour can be regu- 
lated with more certainty than this form of 
apparatus appears capable of doing. 

(147.) A patent was obtained in 1838, by Mr. 
Corbett, of Plymouth, for heating buildings by 
hot-water circulation in open troughs, instead of 
pipes of the usual form.* The objection to this 
plan is the difficulty of regulating tne quantity of 
vapour given off by the open troughs, to suit the 
varying requirements of tne plants. The inven- 
tor proposes to do this by means of moveable 
covers to be placed on the troughs, which would 
prevent the vapour rising so rapidly. But all 
the advantagies of this plan apjpear to have been 
anticipated several years previous, by the use 
of pipes with troughs of about three inches deep 
cast on the top, and extending nearly the whole 
length of the pipe. The trough, being formed by 
the surface of the pipe itself, is always kept hot : 
and any quantity of vapour can be obtained, up 
to the actual saturation of the atmosphere of the 
* Repertory of Arta^ Sfc, vol. xi. (1839), p. 346. 
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house, by filling these troughs partially or wholly, 
as the case may require. 

(148.) The last two inventions which have 
been described appear to be founded on a very 
imperfect knowle^e of the physical laws whicn 
they call into action. The tank system, when 
used as the inventor of it recommends, must 
necessarily fail to afford sufficient heat to the 
air, as a very slight acquaintance with the laws 
of radiant heat will show; and the use of open 
troughs, to supersede the previous method of 
pipes with troughs cast on them, is founded on a 
misconception of the laws of vaporization. 

^149.) Mr. Corbett states, in the specification 
to nis patent, that the quantity of vapour which 
is given off firom the troughs depends upon the 
temperature of the air and the depth of the 
troughs. This last circumstance (inasmuch as by 
increasing the depth the radiating surface must 
be enlarged, and the temperature of the water 
thereby lowered) will certainly somewhat alter 
the rate of evaporation, though not necessarily its 
final quantity ; but the temperature of the air in 
no way influences either the quantity or the rate 
of evaporation, unless it be so cold as to condense 
the vapour. 

(150.) Dr. Dalton* has shown that the only 
circumstances which affect the vaporization of 
water in atmospheric air are — " First, the quan- 
tity evaporated is in direct proportion to the 
surface exposed, all other circumstances being 
alike. Second, an increase in the temperature 
of the liquid is attended with an increase of 
evaporation not directly proportionate. Third, 
evaporation is greater where there is a stream of 
air, than where the air is stagnant. Fourth, the 

* Memoirs of the PhUosophieal Society of Manehester^ vol. v., 
p. 576, et, seq. 
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evaporation from water is greater, the less the 
humidity previously existing in the atmosphere, 
all other circumsfauaces being alike." The rate 
of evaporation, therefore, from water under 212° of 
Fahrenheit is directly as the surface of water 
exposed, and as t?ie evaporating force ; which latter 
is the name that has been given to the difference 
in the elasticity of the vapour which rises from 
the water at the given temperature, and that of 
the vapour already existing in the air. And Dr. 
Dalton found that " the same quantity is evapo- 
rated with the same evaporating force^ whatever be 
the temperature of the air." 

(151.) This theory of evaporation is here more 
particularly dwelt upon, because many persons 
nave adopted the notion that any quantity of 
vapour, without limitation, can be producea by 
means of open troughs, such as have been de- 
scribed. Nothing, however, can be more erro- 
neous. When once the air is saturated, the evapo- 
rating force ceases, * until either a portion of the 
vapour it contained be condensed, or the tem- 
perature of the evaporating fluid bq increased, 
when of course a new state of circumstances 
obtains, and the condition of equilibrium ends. 
Practically, however, evaporation never ceases 
when the evaporating liquid is kept at a high 
temperature; because the air being at a much 
lower temperature, the vapour contained in it 
must always have less elasticity than that given 
off from the water : the result will be that the 
water evaporated will be condensed by the air, 
and will be precipitated ; while, at the same time, 
the latent heat of the vapour will be rendered 
sensible, and will raise the temperature of the 

♦ These remarks apply to the case of fluids under the tem- 
perature of 212°. A diiferent state of things obtains when 
the vapour formed exceeds the total atmospheric pressure. 
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air.* If the air were confined in a place where 
it could not again lose any portion of this 
acquired heat, this process would idtimately stop 
the evaporation; but in horticultural buildings 
the loss of heat from the large surface of glass is 
so considerable, that this result cannot follow. 

(152.) As the quantity of vapour given off to 
the air depends, as we have here shown, on the 
surface and the temperature of the water exposed, 
it follows that no possible advantage can be ob- 
tained from a large quantity of water in an open 
gutter over the same surface of water obtained 
by the old method of troughs fixed or cast on the 
top of the pipes ; while the latter are more easily 
regulated to suit the requirements of different 
plants and different seasons, and are also free 
from several practical difficidties which attend 
the application of the other method, f 

(153.) The preceding remarks are descriptive 
of the principal modifications which have hitherto 
been mtroduced into the hot-water apparatus, 
though many deviations of a minor character have 
been proposed, several of them, indeed, being in- 
troduced apparently for the sake of novelty. The 
advantage, however, which may be derived from 
these peculiar forms or modifications of the appa- 

* The quantity of heat given out by the condensation of 
vapour is very considerable. By the note to Art. 97, it will 
be seen that a cubic foot of water will heat 2,990 cubic feet of 
air as many deerees as the water itself loses. As the latent 
heat of vapour is about 1,000^^, it follows tiiat every cubic inch 
of water which is evaporated, and then again condensed from 
vapour, as above mentioned, will communicate 5° of heat to 
346 cMefset of air. 

t Those who wish to follow further the subject of sponta- 
neous evaporation, may, with advantage, consult the Mmairs 
of the Maneihegter FhHosophieal Sodtiyy already quoted; also 
Mehokon^a Jbumaly vol. zzvii., p. 17 ; Journal de Phyiiqw^ 
vol. Ixv., p. 446 ; QucH&rly Jownud of Science^ Yol. xvii., p. 46 ; 
and Philoaophieal TramactionSy vol. haodi , p. 400. 
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ratus must depend upon the purpose for which it 
is required. Thus, in places where a long con- 
tinuance of heat and uniformity of temperature 
are required, the form of the pipes, tanks, vessels, 
and other radiating surfaces should be such as to 
afford only a small surface, while they contain a 
large quantity of water. This may be obtained 
by using pipes of large diameter, or tanks of a 
large cubical content, and approaching in form 
either to the sphere or the cube ; while, on the 
contrary, where the heat is required to be quickly 
raised, and permanence of temperature is unim- 
portant, the radiating surfaces may be greatly 
mcreased, in proportion to the actual quantity of 
water contained in the apparatus. In this case, 
therefore, pipes of small diameter, or tanks which 
are very flat in form, may advantageously be 
used ; and many varieties of the apparatus will 
necessarily be adopted, amongst ingenious per- 
sons who practically apply this invention to the 
vast number of useful purposes to which it is 
applicable. For many of the purposes to which 
it is extremely suitable it has not hitherto been 
applied ; and its advantage, in other cases, has 
not even yet been sufficiently appreciated. Such 
are the uses to which it may be adapted in various 
manufactories — ^in paper-making, calico-printing, 
dyeing, and starch-making; and also for drug- 
gists, seedsmen, and numerous other purposes of 
general utility; and for drying-rooms for every 
purpose where a mild and equable heat is desir- 
able. For naany of these purposes it is exceed- 
ingly convenient, as the form of the heating 
surface can be made to suit the peculiar object to 
which it is to be applied ; and the inconveniences 
that arise from imequal degrees of heat, conse- 

auent on most other methods of warming, are by 
tiis means entirely avoided. 
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CHAPTER VIII. 

General Summary of the Subject. — ^Points requiring particular 
attention — ^Abstraction of Air from the Pipes — ^Vertical 
Alteration of Level — ^Effect of Elbows in compensating 
unequal Expansions of the Pipe— Different Floors heated 
by one main Pipe from the Boiler — ^Bednced Effect from 
Pipes laid in Trenches — ^Effect of Cold Currents of Air in 
neutralizing heating Apparatus — Cements for Joints — 
Sediment m Boilers — ^Use of Salt in Pipes to prevent 
freezing — Deposition of Vapour in inhabited Booms, and 
necessity for Ventilation— <3onstruction of D^ng-rooms. 

(154.) Having, in the preceding chapters, ar- 
ranged, under distinct heads, the various remarks 
on tiie principles of warming by the circulation of 
hot water, it may here be desirable to bring imder 
general review the principal facts which it has 
been the object of this work to explain. There 
are, besides, many minor points connected with 
the invention that could not conveniently be 
brought imder notice in any of the foregoing 
divisions, under which the subject has been 
treated, but which, nevertheless, may be found 
very useful to those who are investigating its 
principles, or adapting it to practice. 

(155.) A correct knowledge of the cause of cir- 
culation of the water, it has already been observed, 
is absolutely necessary to the successful application 
of this invention in many of its more complicated 
arrangements. Some estimate must be formed of 
the amount of the motive power possessed by an 
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apparatus of this sort, otherwise it will be impos- 
sible to ascertain what will be the result of any 
particular position, or determinate length of the 
pipes, in many peculiar cases ; as, for instance, in 
such forms of apparatus as figures 10, 11, and 28. 
It is also necessary, in order to make provision 
for the escape of the air from an apparatus of this 
kind, to have some knowledge of the laws which 
regulate the motion of fluids, in order to ascertain 
where the air will lodge, and why it should 
accimiidate in one place rather than another. 
No circumstance connected with the subject 
requires greater caution than this. In every part 
of the apparatus where an alteration of the level 
occurs, a vent for the air must be provided ; 
because, from the extreme levity of air compared 
with water (Art. 9), it is impossible that the air 
can ever descend, so as to pass an obstruction 
lower than the place where it is confined. Thus, 
in fig. 7, .if the air accumulate in the pipe between 
A and ^, it is evident that a vent at c, although it 
would take off the air from g h and from c d, 
could not receive any portion of that which is 
confined between a ^, or between efj because, in 
that case, it must descend through the pipe e f 
before it could escape. The principle is the same 
in all cases, however large or however small the 
descent may be ; and the accidental misplacing of 
a pipe in the fixing, by which one end may be 
made a little higher than the other, win as 
effectually prevent the escape of air through a 
vent placed at the lower end as though the devia- 
tion from the level were as msjxy feet as it may, 
perhaps, be inches. It is, however, impossible to 
give multiplied examples of this part of the sub- 
ject, for probably no two instances precisely 
similar may occur; but it deserves the most 
serious attention in following out its practical 
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consequences, for innumerable failures have arisen 
from its neglect, and no part of the subject is 
more puzzling to an inexperienced practitioner. 

(156.) When any particular obstructions are 
requirea to be overcome, in consequence of 
numerous alterations in the level of the pipes; 
when the pipes are required to descend below the 
boiler; or, in short, when any other variation 
from what may be considered as the usual form 
and arrangement of the apparatus may be de- 
sirable, — ^it is essentially necessary to have some 
data on which to found a calculation as to what 
will be the practical result of the required devia- 
tion; for no partial experiment of a tentative 
character, nor even the eflfect shown by a minia- 
ture model, will give anything like an accurate 
idea of what will oe the result, when the experi- 
ment is made on a large scale. The reason of 
this is obvious. It has been shown that the 
greater the distance through which the water 
flows, the greater does the motive power become, 
in consequence of the water being colder in the 
return-pipe relatively to the flow-pipe, while at 
the same time the friction is increased, though 
not always in an equal degree. This will, there- 
fore, prevent partial experiments — ^that is, working 
models exhibiting only a particular portion of the 
whole apparatus — ^from being conclusive; and 
with a miniature model, although the decreased 
time and distance of transit are compensated by 
the reduced size of the pipe exerting a greater 
cooling power on the water, the friction being 
much greater in small than in large pipes, the 
velocity will be reduced in a very sensible degree, 
and the results rendered wholly inconclusive. In 
general, the successM working of a miniature 
model will be conclusive that the experiment on 
a larger scale will perform still better ; but the 

M 
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fEkilure of the model will be no proof that the 
larger apparatufl will not be successful. 

Calculations on this subject possesssing any 
claims to accuracy are extremely difficult, and 
exact results, indeed, are perhaps impossible, in 
the present state of our knowledge on this difficult 
branch of hydraulics, notwithstanding the many 
eminent and learned men who have both written 
and experimented on the motion and resistance of 
water moving in pipes,* Notwithstanding this 
acknowledged difficulty, the remarks made in the 
preceding chapters will enable an approximate 
estimate to be formed as to the general effect that 
may be expected from any particular arrangement 
of the apparatus, and whether the motive power 
will be increased or diminished by the arrange- 
ment proposed. And, bv following out in detail 
the nues which have oeen given, a tolerably 
accurate judgment may be formed as to the result 
that may be expected, under almost every form 
of the apparatus that may be adopted. 

(157. J In the diagrams which nave been given 
in the first and second chapters, the simplest 
possible arrangements of the pipes have been 
shown. To give the various forms in which the 
pipes and heating surfaces may be laid would 
obviously be impossible; it must be left to the 
ingenuity of the adapters of the apparatus to 
deduce, from the general rules which have been 
given, the form of apparatus best suited to the 
particular case ; and, while bearing in mind the 
causes which produce and increase me circulation, 
it will not be difficult to contrive an almost in- 
finite variety of arrangements for accomplishing 
the desired result. 

(158.) In the simple form of the apparatus, as 
generally used in hothouses, there is seldom much 
* See Chapter Jl., Art. 22. 
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difficulty, except when the pipes are required to 
dip below the doorways. When the boiler is 
placed sufficiently low (Art. 28), the difficulty of 
taking off the air from the pipes at the places 
where the dips occur is principally to be attended 
to. It has sometimes been the practice to place 
an open upright pedestal on the top of the pipe 
at /, fig. 9, for the supposed purpose of adding by 
the weight of its column of water to the downward 
pressure at that part, and by this means to 
mcrease the circulation. But the real effect of 
such a column of water pressing on the pipe inust 
be to increase the pressure on every part of the 
apparatus alike, and not on this part in particular; 
and therefore it is probable that any real effect 
obtained by this means is attributable to a more 
easy escape being provided for the air. For any 
air accumulating at this part must be particularly 
prejudicial, by occupying a portion of the space 
which ought to be filled with water, and by thus 
much diminishing the pressure on the descending 
column. A very small accumulation of air at this 
part of the apparatus might seriously retard, or 
even totally obstruct, the circulation, and therefore 
aready escape for the air at this point is particularly 
desirable. The same effect is no doubt, to some 
extent, produced by the open cistern A, fig. 12 
(Art 32}; for, although its effect may sometimes 
be beneficial, it is difficult to account for it on the 
ground of increased pressure; while it is ob- 
viously quite possible that benefit may arise firom 
the air having so easy an escape.* 

* It has been supposed that, although this increased pres- 
sure bj a yertieal column of water undoubtedly extends to 
every part of the apparatus, an advantage must arise in conse- 
quence of the bubbles of steam and hot water (which rise 
continually upwards from the bottom of the boiler, strongly 
acted on by the fire) being relatively lighter than the rest of 
the water, when the latter is thus condensed by the increased 

M 2 
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(159.) It will be apparent from these remarks 
how essential it is that the pipes be free from any 
accmnulation of air, when such difficiilt cases of 
circulation are attempted as those described in 
Art, 30 — 34, or any of an analogous character. 
It is probable that many failures have arisen 
entirely from this Cause, which a very slight 
alteration would have prevented; and attention 
to this point, in the construction of aU hot-water 
apparatus, can hardly be urged too strongly, 

(160.) When the pipes dip below the doorways 
of hothouses, it is sometimes very difficult to 
allow sufficient depth for two pipes of large dia- 
meter below the step of the door, when placed as 
shown in fig. 9. When this is the case, a smaller 
pipe may be used at this particular part ; and, 
just at the dip, the large iron pipe may be sud- 
denly reduced to one of small diameter, and again 
increased when it rises from below the door. The 
circulation will by this means always be reduced 
to some extent (Art. 48), and it is by no means 
advisable to adopt it whenever it can be avoided. 
All unnecessary variations in the size of the pipe 
ought always to be avoided, and, when adopted, 
the alterations axe better to be gradual than 
sudden, as there will be less obstruction to the 
water passing through a trumpet-shaped pipe, 
either from a large to a small pipe, or from a 
small pipe to a larger, than when these changes 
are made abruptly. 

Inconvenient as these vertical dips in the pipe 
frequently are, they, as well as the horizontal 
bends, are sometimes useful in counteracting an 

vertical height. This, however, must needs be erroneous, 
because stecun produced under pressure is of greater density 
exactly in proportion to this pressure, ana Iherefore the 
relative proportions between the densities of the steam-bubbles 
and the water must be preserved, however much the pressure 
.may be increased* 
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inconyenience which otherwise might occur from 
the expansion of the pipe in its horizontal length. 
When there is a very long length of perfectly 
straight pipe passing along the side of a Duildin^, 
and retiurning again in the same direction, it 
often happens that the expansion of one of these 
lengths of pipe is so much greater than the other, 
owing to its higher temperature (and this parti- 
cularly happens when the circulation is slow), 
that some of the joints become loose, and a 
leakage occurs. This inconyenience is more 
likely to occur when three or four pipes are 
placed one aboye another; in which case the 
upper pipes always become heated first, and 
thence become more expanded in length : and so 
great is the force of this expansion, that unless 
there is some degree of elasticity giyen to the 
pipes, either by elbows interyening or by some 
otner means, a leakage is almost certain to occur; 
and generally it happens at the extreme end of 
the pipes farthest from the boiler. When steam- 
pipes were used for heating buildings, this cause 
of leakage was yery inconyenient ; and Coxmt 
Rumford introduced an ingenious mode of coun- 
teracting it, by attaching both the upper and 
lower pipe to a copper drum, which, being more 
pliable than the cast-iron, corrected the eyil. In 
all cases where there is a great length of pipe 
running in a straight line, it is necessary to bear 
in mind the certainty of expansion occurring, and 
to proyide for its effects; for serious accidents 
haye occurred to buildings by neglecting this 
precaution, as the expansion cannot be preyented 
under any circumstances, and its power is im- 
mense against anything that resists it. 

(161.) In all cases where pipes are placed at 
yarious eleyations aboye the boiler, for the pur- 
pose of warming different floors of a building, or 
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where from any other cause the pipes descend by 
steps or gradations from a high elevation to a 
lower, before the water returns to the boiler, 
it is necessary that the water should be made 
to ascend at once from the boiler to the highest 
elevation. By this means the best possible circu- 
lation is alwavs insured, as there will then be 
the greatest difference between the weight of the 
ascending and descending columns. It will, 
however, often be found convenient, when dif- 
ferent floors of a building are required to be 
heated by one apparatus, to have a separate pipe 
leading from the boiler to each floor ; as it but 
seldom happens that horizontal branch-pipes are 
effective when leading out at different elevations 
from a general main-pipe rising vertically from 
the boiler. This arises from the extremely rapid 
motion of the water in vertical pipes, by which 
means the whole of the heatea water passes 
directly to the highest level, without delivering 
any to the lower horizontal branches. This plan 
of having separate pipes for each floor is better 
than having one pipe gradually descending 
through them all, as, the shorter the circulation, 
the more equal will be the effect, in consequence 
of greater equality in the temperature of the 
pipes (Art. 49). 

(162.) In the fourth and fifth chapters, the con- 
struction of boilers and ftimaces has been so ftilly 
treated on that it is not necessary here to offer 
any additional remarks. But, as regards the 
shape of the radiating surfaces that are employed 
to heat the buildings, it may be observed, that a 
judicious selection in this respect is a matter of 
considerable consequence, and the remarks already 
made (Art. 69 — 63) will explain the principal 
points which must be considered in determinmg 
the form and dimensions of these surfaces. The 
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rules for calculating the extent of these sur&ces re- 
quired for any description of buildings have been 
given in the sixth chapter ; and the proper pro- 
portions of any apparatus may be calculated by 
these rules and those given in the fourth and fifth 
chapters. 

It may be observed, however, that in those 
cases where the radiating surfaces are not placed 
actually in the room or building which is to be 
heated^ but which produce their efPect by heating 
successive portions of air, which then pass into 
the room that is required to be warmed, there 
will always be some loss of heat, which will need 
some correction to be made in the calculations 
already given. This applies also to those cases 
where the pipes are placed in drains or trenches 
below the noor, with trellis gratings or ventilators 
in the floor to cover the pipes and to emit the 
heat. The proportion of heat lost by this means 
will depend upon various circimistances. When 
the pipes freely radiate their heat into the room 
to be warmed, about one-fifth of the total effect is 
produced by radiaiionj and the rest by contact of 
the air with the heated surface (Art. 227, et seq.). 
But that portion of the heat obtained by radiation 
will be considerably reduced by placing the pipes 
in a trench. For the interior surface of the 
trench will become considerably heated ; and as 
the heat given off by radiation depends in a great 
degree upon the difference of temperature be- 
tween the heated body and the medium by which 
it is surrounded, it follows that the hotter the 
trench becomes the less radiant heat will be given 
off by the pipes. The loss of effect by this means 
would be considerable were it not for the circum- 
stance of the heated surface of the trench itself 
giving out heat by conduction to the air. The 
effect, therefore, becomes a very complicated one. 
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But it may probably be assumed, as a tolerably- 
correct result, that tne loss of heat by placing the 
pipes in a trench which is well covered for nearly 
its whole length with trellis gratings, will be 
from five per cent, to seven per cent, according 
to circumstances. When the trench is only par- 
tially covered with trellis gratings, the loss of 
heat will be more ; and therefore, when this plan 
of placing the pipes is adopted, at least two- 
thirds of the entire trench ought to be covered 
with the trellis grating, and, if possible, the 
entire length should be so covered, m order that 
the freest possible escape be allowed for the 
heated air. The trench also should not be made 
too large ; and the best size will be, to have it 
just larffe enough to hold the pipes, and to allow 
the wodonen easily to fix them ; and all the space 
beyond that will only tend to diminish the effect 
of the apparatus.* 

The same remarks will, of course, apply to all 
cases where the pipes or other radiating surfietces 
are placed in vaults or chambers below the rooms 
intended to be heated ; and, in all cases of this 
kind, some allowance must be made for the loss of 
effect arising from the causes here described. 

It should also be observed that when the 
heating surfaces are placed in vaults or chambers 
below the rooms to be heated, and are so con- 
trived that the air from the rooms does not pass 
over them a second time, but fresh external air 
alone is made to pass over them and then to 
escape from the heated room by means of venti- 
lators, from 60 to 70 per cent, more pipe is neces- 

* It is yerj often desirable to make the bottom and sides of 
these trenches full of holes, for the pxirpose of admitting fresh 
air into the biiilding. Some remarks on this subiect will 
be found under the head of '< Ventilation," in a subsequent 
chapter (Art. 853). 
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sary to heat a given space than will he required 
if the air of the heated room he made to circulate 
repeatedly over the heating surfaces. The air 
will be more salubrious when it is not heated over 
again a second time, but the cost of the apparatus 
will be greatly increased. 

Whenever the heating surfaces are placed in 
vaults or chambers, and not distributed generally 
in the rooms to be heated, it requires great judg- 
ment in placing the opening for the emission of 
heated air in a proper position ; for if there is a 
current of cold air from one end of the room or 
building — as, for instance, in a church which has 
the entrance at one end — it is impossible to make 
the current of hot air travel to the extremity of 
the building ; but, being met by the cold current 
from the door, it will be forced back and pre- 
vented from reaching the colder end. This 
circumstance has entirely destroyed the beneficial 
action of innumerable apparatus ; and so strong 
frequently is the action of the cold current of air 
in such buildings, when rushing in to a somewhat 
rarefied atmosphere, that it has not unfrequently 
happened that under these circumstances the 
bmlding has become considerably colder when the 
heating apparatus is used than it was before the 
pipes were warmed or the fire lighted. The only 
remedy is to place the openings for the emission 
of hot air in such parts of the building that it 
shall not meet with tnese opposing currents of cold 
air. It is sometimes very difficult to accomplish 
this, and it requires great jud^ent efficiently 
to warm buildings under these circumstances. 

(163.) In the seventh chapter, some of the 
principal modifications of the hot-water apparatus 
have been described, and their peculiarities pointed 
out, in order to ascertain how far they accomplish 
the objects proposed. Many of these inventions 



170 GENERAL BEMAHKS 

are highly ingenious, and well deserve attention, 
for the purpose of ascertaining under what par- 
ticular circumstances their peculiarities can be 
most advantageously applied foi accomplishing 
the intended object. 

(164.) The mechanical operation of fitting to- 
gether the pipes is a subject known to most good 
workmen who are acquainted with iron-work. 
The usual and best kind of pipes for the purpose 
are those with socket-joints, those with flange- 
joints having long ceased to be employed for hot- 
water apparatus. And even for steam, where 
flange-jomts were formerly invariably used, the 
socket-joints are now very frequently employed, 
as they make a much neater and at the same 
time an equally strong joint. In fact, when the 
joints of socket-pipes are well made, the pipes 
themselves will break before the ioints will yield, 
or before the faucet-end of one pipe can be arawn 
out of the socket of the other. The joints require 
to be well caulked with spun yam, and then filled 
up with cement. The strongest cement is that 
known to engineers under the name of iron cement, 
consisting of iron borings, sal ammoniac, and sul- 
phur; but it requires to be used with great 
caution, as it expands very much, and very 
frequently bursts the pipes. This forms the 
strongest joint that can be made. But other 
cements are frequently used, the principal of 
which are a mixture of white and red lead, which 
makes a very good cement ; and a cement made 
of quicklime mixed into a paste with boiled lin- 
seed oil* has occasionally been employed with con- 
siderable success. Fire-clay sifted fine and mixed 

* This oomposition is veiy liable to spontaneous combiistion, 
and should therefore be used with caution, particularly by 
mixing it apart from anything likely to ignite by the heating 
of the materials. 
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with boiled oil also makes a good cement; and 
Portland cement mixed with water has also been 
used for jointing pipes where there is little or no 
pressure. But perhaps the hardest cement of all 
IS red and white lead mixed with a considerable 
quantity of iron borings, which is very enduring 
as well as an extremely hard cement. For all 
ordinary purposes, the best cement is red and 
white lead; and a very small quantity of iron 
cement applied as a means of finishing the joint 
— ^the red and white lead being used at the bot- 
tom of the joint, and the iron cement at the top — 
forms perhaps the best joints that can be made. 
Many thousands of pipes have been burst at the 
joints from improper modes of using the cement. 
Wherever iron cement is used in too large quan- 
tities, and too strong in its chemical proportions, 
the sockets are almost certain to burst after they 
have been made a few months. For a chemical 
action takes place in the iron cement, which 
slowly expands, and thus bursts the sockets of 
the pipes, if the quantity used is at all in excess ; 
and this slow chemical action has been found to 
go on for many months, and sometimes even for 
years, causing the most serious loss and inconve- 
nience by the destruction of the pipes. 

(165.) It may be desirable to make a few obser- 
vations on the water that is to be used in this 
kind of apparatus. Sometimes the foulest and 
most filthy water is used in a hot-water apparatus, 
by which a thick coating of mud is deposited, and 
which must necessarily not only much reduce 
the effect of the apparatus, but also injure the 
boiler. But a far more general and, in fact, an 
extremely common error lies in using hard water, 
which contains a large quantity of earthy salts. 
Rain-water ought to be used when it can possibly 
be obtained, because all hard waters are impreg- 
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nated with saline matter, which forms the sediment 
or incrustation so common in those vessels in 
which water is boiled. This incrustation always 
accumulates in the boiler of a hot-water apparatus 
in which hard water is used, and forms a coating, 
varying in substance fix)m the thinnest lamina to 
three or four inches in thickness. When this 
deposit of saline matter occurs in a boiler, not 
only is less heat received by the water, in conse- 
quence of the conducting power being lessened 
by the interposed substance, but the boiler will be 
much injured by the increased heat of its external 
surface, and more fuel will be consumed. 

The quantity of sediment formed in a hot-water 
apparatus, however, bears no comparison in ordi- 
nary cases with that of steam-boilers. In the 
latter, the quantity is so large as sometimes to 
require its removal at least once in every three or 
four days, and sometimes even oftener. But, as 
there is scarcely any evaporation from a hot-water 
boiler under ordinary circumstances, the quantity 
of sediment is so small, if the water is good, that 
the boiler does not require cleaning out even after 
many years' use. This remark, however, will not 
apply to such forms of apparatus as Mr. Rendle's 
or Mr. Corbett's (Art. 144 and 147) ; for in these 
the evaporation of the water is so great that the 
sediment in the boiler must necessarily be very 
considerable, and, without proper care, it may 
become a most serious evil. Owing to the ex- 
treme smallness of the boilers used for hot-water 
apparatus, it is very difficult to clean them 
from sediment, and with the majority of them it is 
impossible. When, therefore, such boilers are 
applied to an apparatus on the tank system, or to 
Mr. Corbett's open troughs^ they will probably 
fail in a comparatively short time, imless the use 
of rain-water be strictly adhered to. The plan of 
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open troughs cast on the pipes (Art. 147) is not 
of course liable to the same objection ; for, how- 
ever large the evaporation may be, the boiler 
cannot be affected by it, as the sediment will 
necessarily remain in the troughs, and can easily 
be removed. 

(166.) This kind of sediment can only be 
removed from a boiler with great difficulty. It 
consists principally of carbonate of lime and 
sulphate of lime, together with the sulphates of 
soda and magnesia, and several other salts, vary- 
ing considerably in different localities. A weak 
solution of mimatic acid (one part of acid by 
measure to 20 or 30 parts of water) will generally 
reduce this concreted sediment into a substance of 
less tenacity, which may then be removed with 
slight mechanical force. By using rain-water the 
inconvenience arising from these deposits will, 
however, be entirely avoided, and the apparatus 
will both last longer and be more efficient. 

(167.) Some inconvenience has occasionally 
been experienced when a hot-water apparatus has 
been left for a long time without being used, and 
exposed to considerable degrees of cold, by the 
water becoming frozen in the pipes ; for it is not 
only difficult in such cases to thaw the water, but 
sometimes also the pipes crack. To prevent the 
pipes from cracking, it will generally be sufficient 
to draw off a portion of the water, so that the 
horizontal pipes shall not be quite ftdl; for the 
cracking of the pipes arises from the sudden 
expansion which takes place in the water, at the 
moment of its passing mto the solid state of ice. 
But when the apparatus is not likely to be used 
for a considerable time, it would be much better, 
if the weather be very cold, to empty the 
pipes entirely of water ; for it is always trouble- 
some to thaw the water when once frozen in the 
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pipes.* But in an apparatus used in a building 
of which the temperature is always above 32'', 
this is obviously unnecessary, as the water cannot 
then be fix)zen. A plan, however, might be adopted 
which will effectually prevent the water freezing 
with any ordinary degree of cold, namely, by 
using salt water in the apparatus, instead of fresh 
water. This plan would certainly be somewhat 
injurious to the apparatus, on account of the 
action of the salt on the iron; but the injury 
would not be extensive, and would be very slow 
in its operation. Perhaps in this country such a 
plan is unnecessary ; but should this kind of 
apparatus be adopted in colder climates, the sug- 
gestion might be useful. The larger the quantity 
of salt which a given portion of water contains, 
the greater is the degree of cold necessary to 
congeal it. Thus, the quantity of salt contained 
in sea-water is about three per cent. ;f this re- 
quires, according to Dr. Marcet, a temperature of 
about 28*" to freeze it ; but if the quantity of salt 
be increased to 4-3 per cent., the water will not 
freeze until the cold be reduced to 27i* of Fahren- 
heit, or 4^"* below the ordinary freezing-point of 
fresh water. When the water contains 6*6 per 
cent, of salt, it will not freeze until the temperature 

* It is a fact not generally known, that water which has 
been boiled freezes sooner than that which has not been boiled. 
This circumstance was observed by Dr. Black, in 1775 {Philo- 
BophietA ly-aiuactiorUf yol. Ixy., p. 124). But it has since been 
remarked, that Aristotle, Pliny, and others of the ancients, 
have noticed the same fact in their writings {Memoirt of the 
Manchester Philosophical Society^ vol. i., p. 261). 

f This quantity varies considerably in different localities. In 
the English Channel the quantity is as above stated ; but on 
the coast of Spain it contains about 6 per cent., while the water 
of the Baltic only contains about 1^ per cent. Between the 
tropics the quantity is very laree ; as much as 10 per cent, 
is stated to exist in some of &e tropical s^as and oceans. 
(Tire's "Ohemical Dictionary," art. ^'Muriatic Acid.") 
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be reduced to 25 i^ of Fahrenheit ; and if it con- 
tains 11"1 per cent. 9 the temperature must reach 
as low as 21 i* before the water will congeal.* 

The effect which would be produced on cast- 
iron pipes and boilers, by any of these quanti- 
ties of salt, would not be of much importance ; 
although, in process of time, it would certainly in 
some degree corrode the apparatus.t When the 
apparatus has been once filled with salt water, the 
waste which occurs in the water, by evaporation, 
should only be supplied with fi*esh water ; for, as 
the salt does not evaporate, the same quantity of 
salt will remain in the apparatus, and will com- 
bine with the fresh water when added. 

(168.) As water at a medium temperature can 
hold in solution nearly 36 per cent, of common 
salt (chloride of sodiimi), and nearly 40 per cent, 
at the boiling temperature, there is no fear of any 
deposit forming in the boiler from this cause.:]: 
The reason of a deposit forming in boilers where 
hard water is used is, because the water leaves 
behind, on evaporation, the saline compounds 
which it held in solution ; and as the water which 
is added to supply the place of that which has 
evaporated likewise contains the same extretneous 
matter, the quantity presently becomes larger 
than the water can hold in solution, and the 
residue is precipitated and hardened by the heat 
of the fire. All the salts of lime, which are 

♦ Ure'fl " Chemical Dictionary," art. " Caloric ;" and " Blag- 
den^ 9 Mfiperim&nts" Pkilowphieal lyanMctumi, toL, bcraii., p. 279. 

f A remarkable difference obtains in the rate at which 
oxidation acts on cast- and on wrought-iron. Hard-cast iron 
will resist oxidation about three times as long as wrought-iron ; 
and, according to the experiments of Mr. Daniell, the same 
difiference exists in the length of time requisite to produce a 
given effect by acids. The effect on soft cast-iron will approach 
nearer to that of wrought-iron, yarying with its hardnees. 

X Tire's ** Chemical Dictionary," ait. «* Salt." 
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usually contained in hard water, are likewise 
soluble in this fluid only in a very limited degree. 
For instance, sulphate of lime, one of the most 
common ingredients in hard water, is soluble in it 
only to the extent of one-fifth of one per cent., 
and carbonate of lime in a still ^nailer proportion ; 
therefore the precipitation begins to take place so 
soon as the quantity exceeds this small amount. 

(169.) In Chapters XI. and XII., some of the 
most important of the laws of heat, which are 
applicable to the general subject of this treatise, 
are described, and also the experimental data on 
which are founded several of the calculations 

Siven in the preceding chapters. Those who are 
esirous of investigating for themselves the accu- 
racy of the various rules which have been given, 
will thus be enabled to judge of the subject in its 
more scientific bearings. 

(170.) Before concluding these remarks, how- 
ever, it may be proper to observe that buildings 
which are neated by hot water ought always to 
have some efficient mode of ventilation ; for, even 
though the air may not be injured by iiie appara- 
tus employed to heat it, the air of all inhabited 
rooms must necesscuily be deteriorated by the 
respiration of the inmates. This remark would 
have been superfluous were it not that cases have 
occurred where the evils that have arisen from 
defective ventilation have been erroneously attri- 
buted to this plan of warming by hot water ; and 
the vapour which is given off from the lungs of 
the inmates of a room, and, under these circum- 
stances, is condensed upon the windows, has been 
supposed to arise from the water in the apparatus 
bemg converted into steam, and escaping through 
the joints of the pipes. If this were a solitary 
opimon, it might, like many others equally erro- 
neous, be passed over in silence; but sA this 
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has been seriously objected against the inven- 
tion by many who ought to know better, it 
may be worth while to state the cause more at 
length. 

(171.) The quantity of vapour given off from 
the lungs, and also by exhalation from the skin, 
has been estimated at from twelve to thirteen 
grains per minute. If, in consequence of imper- 
fect ventilation of inhabited rooms, the air cannot 
escape after it has received this additional quan- 
tity of vapour exhaled from the body, it must, as 
soon as it has acquired a larger quantity of mois- 
ture than the temperature of the external air will 
support in the form of vapour (Art. 330), deposit 
a portion of it upon the glass ; because, the glass 
being nearly of the same temperature as the ex- 
ternal air, whatever quantity of the internal air 
comes in contact with it, its temperature is imme- 
diately lowered, and the excess of its vapour is 
condensed upon the surface of the glass. Thus, 
suppose the temperature of the air m a room to 
be 66'', and the dew-point 55**, then, if the tempe- 
rature of the external air be only 35°, as much of 
the air in the room as comes in contact with the 
glass will deposit whatever vapour it contains 
above the quantity that a temperature of 35'' will 
enable it to sustain. Under these circumstances, 
the amount deposited on the glass wiU be (Art. 
330) about two grains for each cubic foot of air 
that is cooled by the glass ; and the same effect, 
though in a less degree, will take place on all the 
other cold surfaces in the room. As each square 
foot of glass will cool one and a quarter cubic 
feet of air per minute, from the internal to the 
external temperature (Art. 101), we shall find 
that, under the circumstances we have supposed, — 
which is purposely taken as an extreme case, — 
the quantity of vapour deposited in this manner 

N 
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will amount to two and a half grains per minute 
on each square foot of glass. 

(172.) We need be at no loss, then, to discover 
the cause of this accumulation of vapour on the 
windows and walls of rooms which are badly- 
ventilated ; and whenever the quantity of mois- 
ture thus condensed appears to be considerable, 
it may be taken as good evidence that the venti- 
lation of the room is imperfect. That the same 
amount of condensation does not result from the 
use of hot air and cockle-stoves, is in consequence 
of a portion of the vapour being decomposed by 
the intense heat ; but when this method of avoid- 
ing the inconvenience is adopted, a worse evil is 
produced than that which is attempted to be 
removed, although, perhaps, it is not so obvious 
to the sight. 

(173.) A similar error is very frequently com- 
mitted in the construction of drying-closets and 
rooms intended for drying various articles in 
manufactures and the arts. It is frequently sup- 
posed that a suflScient degree of heat is alone 
what is required for this purpose, and the amount 
of ventilation is considered quite an unimportant 
matter. It need scarcely be observed that the 
reverse of this is the proper course, and that 
ventilation is, in these cases, of far more import- 
ance than the degree of heat maintained in the 
room. 

(174.) The experiments of Dr. Dalton long 
since demonstrated that evaporation was inde- 
pendent of the air ; that the vapour arising from 
any liquid depends upon its temperature, and 
that the air retards the velocity of the discharge 
by its vis inertioe.'^ If the air were wholly re- 
moved from the surface of the water, the vapour 

♦ Memoirs of the Manchester Philosophical Society y vol. v., 
p. 575 ; and Philosophical Magazine, vol. xvi., p. 346. 



s; 



ON THE HOT-WATEE APPARATUS. 179 

roper to the particular temperature would be 
ischarged instantaneously, instead of rising gra- 
dually, as when the water is exposed to the 
atmosphere. The quanUty of evaporation is not 
affected by these causes. If water be placed 
under the receiver of an air-pump and the air 
exhausted, the fiill quantity of vapour which can 
be formed at that particular temperature will rise 
instantaneously ; but if the air be allowed to fill 
the receiver, the same quantity of vapour will 
rise, and it will have slowly to filter its way and 
disperse itself through the air which fills the 
receiver. In these cases, we of course suppose 
that the vapour is not removed ; but that, when 
once formed, it is allowed to remain in the 
receiver, and that the temperature is kept con- 
stantly the same. But when the vapour is allowed 
to escape, or to condense, the rate of its formar 
tion is very different in air and in vacuo ; for 
Mr. Daniell's experiments proved that, in the 
same time, the quantity of vapour raised fi'om a 
constant surface of water in vacuo and in air of 
atmospheric density was as 90 to 1 ; and that at 
all intermediate pressures the quantity of vapour 
was inversely proportional to the elasticity of the 
incumbent air.* 

When, however, the air possesses motion, its 
effect on the quantity of vapour emitted fi'om the 
surface of water over which it passes will be very 
different. The effect is, then, to drive off the 
vapour fi'om the surface of the evaporating body 
as fast as it is formed ; and this Dr. Dalton found 
to be proportional to the velocity of the air.f 
This latter case is precisely that with which we 
are concerned, while considering the effect of 

* Quarterly Journal of Sci&nce^ vol. xvii., p. 52. 
f Memoirs of the Manchester Philosophical Society^ vol. v., 
p. 576 ; and Watson's Chemical Essaysy vol. ii., p. 57. 

N 2 
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ventilation, and more particularly in the ventila- 
tion of drying-rooms. 

(175.) it is quite a mistaken notion to suppose 
that a better effect will be produced by prevent- 
ing too rapid a motion of the air through drying- 
rooms, for the purpose of allowing the air to 
imbibe more of the moisture by this means. The 
infiltration of moisture into the air, or the absorp- 
tion of moisture, as it is generally called, is 
extremely slow, as the experiments of Daniell 
and of Leslie have proved ; and therefore it is, by 
the brisk motion oi the air driving off the vapour 
as fast as it is formed, that the principal effect is 
OToduced in the ventilation of drymg-rooms.* 
The quantity of air which really becomes humid 
by such means is extremely small; and Leslie 
has estimated that, in a case of ordinary evapora- 
tion, where the air possessed but small velocity, 
only the 184th part of the air that passed over 
the wet siurface became saturated.f 

(176.) It is extremely difficult to estimate the 
quantity of heating suimce that is required for a 
drying-room ; for not only will the temperature 
vary greatly with the nature of the substances to 
be dried, but also with the degree of dampness 
they possess, and likewise with the amount of 
ventilation. The same quantity of heating sur- 
face that would raise the temperature of a drying- 
room to 80® or 90° with an imperfect ventilation, 
might possibly not heat it above 60® or 70° if the 
ventilation were perfect; and yet in the latter 
case, probably, the drying effect would be greater 

* The drier the air the more rapidly will it absorb the 
moisture exhaled into it ; but, under every condition of dry- 
ness, the absorption of moisture will be much less rapid by 
the air than its discharge irom the vaporizing body would be 
were the pressure of the air entirely removed. 

f Leslie On Seat and MoisturBy p. 86. 
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than in the former. This, however, is not with- 
out certain limitations in its operation. When- 
ever the ventilation is sufficient to carry off the 
vapour as fast as it is formed, anything beyond 
this must be injurious, as it will lower the tem- 
perature of the room without promoting the 
dispersion of the vapour; and we have ateady 
seen that the quantity of vapour raised depends, 
in the first instance, upon the temperature of the 
vaporizing body. When, however, an atmo- 
sphere of vapour exists immediately around the 
body emitting the vapour, the emission is enor- 
mously reduced, and sometimes even wholly 
stopped; and this will occur, however high the 
temperature of the vaporizing body and of the 
air may be. In this case, therefore, even a 
very much lower temperature, accompanied by a 
brisk motion of the air, would be far more effec- 
tual than a high temperature with defective ven- 
tilation. 

(177.) For common drying-rooms, where arti- 
cles of various thicknesses are dried at the same 
time, and where the quantity of moisture to be 
evaporated is considerable, it has been found that 
150 to 180 square feet of heating surface to each 
1,000 cubic feet of space produces a temperature 
of about 120** when the room is empty and the 
ventilating apertures are closed. The tempera- 
ture falls about IS"" to 20° on opening the venti- 
lating apertures ; and when the room is filled 
with wet clothes the temperature fells to about 
80** or 90**, and sometimes considerably lower, 
varying with the nature of the articles which are 
placed in the room. Mr. Buchanan states* that 
about 63 square feet of steam-pipe to 1,000 cubic 
feet of space produced a temperature of 100** in a 
drying-room ; and in another instance, 44 square 

* Buchanan's Treatise m Eeanamy of Fuel, 8fc., pp. 211 — 218. 
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feet of heating surface to 1,000 cubic feet of space 
produced a temperature of 86^ in a drying-room, 
both being partially filled with damp goods. 
The temperature of the steam is not stated in 
these instances ; but the pipes would naturally 
be somewhat hotter than hot-water pipes, and 
therefore less surface of them would be required ; 
but the quantity of pipe thus given is consider- 
ably less than was required in any instance which 
has come under the author's own knowledge. In 
general, it would not be safe to use much less 
than 150 square feet of heating surface of hot- 
water pipes to 1,000 cubic feet of space in any 
drying-room used for drying linen, where quick 
drying is essential. For manufacturing purposes 
it will often happen that much smaller quantities 
of heating surface will suffice ; for the goods often 
contain far less moisture, and are not required 
to bo dried so quick as in a common closet for 
drying linen. 

Tredgold has given rules for calculating the 
required heating surface for drying-rooms for dif- 
ferent purposes, but they are much too refined 
for ordinary use.* A large amount of heating 
surface, is, however, absolutely indispensable 
where quick drying is at all required ; but atten- 
tion to the perfect ventilation of the room is of 
more importance than its actual temperature. It 
is also most desirable to have some ready means 
of altering the quantities of air admitted into 
a drying-room; for not only is it desirable, if 
possible, to alter the quantities of air admitted at 
the different stages of the drying process, but in 
different states of the weather the quantities of 
air admitted ought to be likewise altered. When 
the air is very humid, much less air ought to be 
admitted than in dry bright weather; for in 
* Tredgold On Heating Buildings hy Steam, p. 241| et aeq. 
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damp weather the drying process will go on 
much faster, in proportion as a less quantity of 
air is admitted, and a higher working tempera- 
ture maintained in the drying-room. In dry 
weather the opposite of this will often be desir- 
able, and a much larger quantity of air may 
advantageously be admitted imder these circum- 
stances. 

(178.) The physiological effects resulting jfrom 

E articular modes of warming and ventilating in- 
abited rooms form a most interesting subject of 
inquiry, and are not only interesting as matters 
of scientific research, but they closely concern 
every individual member of the community. It 
is a question which effects not merely the per- 
sonal comfort of individuals, but, according to 
the opinion of the ablest pathologists, it influences 
the health, and affects the duration of life. In a 
subsequent chapter we shall endeavour to trace 
some of the physiological effects of various 
methods of artificial heat, and the most impor- 
tant consequences will bo found to result from 
the use of some of these different inventions. 
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CHAPTER IX. 

ON HEATING BY STEAM. 

Yariableness of Temperature — ^Alterations in the Level of Pipes 
— ^Removal of condensed Water — Proper Steam-pressure to 
be employed — ^Mode of Calculating the Heating-surface re- 
quired — ^Size of Boilers— Quantity of Water condensed — 
Boiler Surface required — ^Forms and Power of Boilers — 
Quantity of Coal — Size of Furnace-bars — ^Mode of supplying 
Water to the Boiler — Safety Valves, Gauges, and other 
Appendages required — Air-vents and Outlets for the con- 
densed Water. 

(179.) Since the introduction of the invention 
of heating buildings by hot water, the use of 
steam for this purpose has been comparatively 
but little needed ; still there are many situations 
where its employment may be advantageous, par- 
ticularly in buildings used for manufacturing and 
commercial purposes. No work containing rules 
for its application has been published for many 
years. The only books on the subject which the 
author has ever met with are Buchanan's Trea- 
tise on Heating by Steam^ last published in 1815, 
and Tredgold's Principles of Warming and Ven- 
tilating Public Buildings J Sfc.^ last published in 
1836. Both these works have been out of print 
for many years, and it therefore appears desirable 
in the present work to give such rules as may be 
necessary for erecting steam-heating apparatus 
for such ordinary purposes as it is likely now to 
be applied to. 
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(180.) The difficulty attending the apparatus 
for heating by steam is the constant attendance it 
requires, not only to ensure its safety, but to 
secure a continuance of its heating power. Unlike 
the hot-water apparatus, which retains its heating 
power for many hours, the steam apparatus 
ceases to afford neat as soon as the fire fails to 
possess sufficient force to raise steam in the boiler. 
The risk of explosion in inexperienced hands is 
also a serious objection to its use, except when the 
apparatus is of sufficient magnitude to warrant 
the continued superintendence of an experienced 
person. 

(181.) One great convenience in a steam appa* 
ratus is the facility with which the pipes can be 
conveyed in almost any direction. Provided the 
condensed water be carried off, and the pipes 
thereby be kept clear, it matters not whether the 
pipes are carried above or below the boiler, and 
that to almost any extent. But in carrying out 
this principle, it must be borne in mmd that 
wherever tnere are considerable alterations of 
level, the condensed water must have a proper 
outlet from the lowest part; for otherwise the 
pipes will very quickly become choked with water 
and cease to act; and hence any sudden and 
considerable alterations in level become extremely 
difficult to deal with in practice, although tn 
principle there is nothing whatever to hinder the 
most rapid, multifarious, and even eccentric al- 
terations in level that can possibly be contrived. 
But as every sudden dip or alteration of level in 
the pipe will require a separate outlet for the con- 
densed water, it becomes exceedingly difficult, and 
very imdesirable in practice, to make these sudden 
alterations in level; and, like the hot-water 
apparatus, it is therefore found most advantageous 
to lay the pipes with a very small but gradiml in- 
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clination, so as to allow the condensed water to flow 
out at one place, or at least from as few places as 
possible. The condensed water must not only be 
carried off 'in order to keep the pipes clear for the 
passage of the steam, but likewise to prevent the 
pipes from breaking. For if the condensed water 
remains in the pipes after they become cold, the 
next time the pipes are heated they are extremely 
likely to crack, if they are of cast iron, in con- 
sequence of the great difierence of temperature 
which there would then be between the upper 
and the lower sides of the pipes. 

(182.) In arranging a steam apparatus, the 
first thmg is to calcmate the proper quantity of 
heating surface. In order to do this, it is necessary 
to determine at what pressure the boiler is to work. 
Formerly it was considered that 2i lbs. pressure 
per square inch of the boiler was quite as much as 
could safely be used for this purpose, and the old 
writers on the subject recommend this pressure to 
be employed. But of late years the use of high- 
pressure steam has so accustomed engineers to 
regard boilers as perfectly safe with pressures of 
80 lbs. or 100 lbs. and upwards to the square inch, 
that no one would now object to employ steam of 
6 lbs. or 10 lbs., or even 20 lbs. pressure per square 
inch,'for heating buildings of any description, when- 
ever such pressures are deemed desirable. The 
higher the pressure in the boiler, the higher will be 
the temperature of the pipes or other radiating 
surfaces ; and therefore the higher the pressure 
the smaller the size or less the quantity of the 
radiating surfaces which will be required. 

(183.) In heating manufactories and other 
commercial buildings, it is often desirable to use 
the surplus steam from a steam-engine boiler, or 
the waste steam after it has passed through the 
cylinder of a high-pressure engine. In other 
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cases^ where a separate steam-boiler is used for 
heating the apparatus, it is seldom desirable to 
use steam of much more than about 5 lbs. to 
10 lbs. per square inch. Whatever pressure, 
however, is fixed upon, the quantity of radiating 
surface necessary may be found in the following 
manner : — 

In Chapter VI. (ante) rules are given for calcu- 
lating the radiating surfaces necessary to heat 
most kinds of buildings. If, then, by these rules 
the required amoimt of radiating surfaces be cal- 
culated, the reduced quantity that is required when 
steam-heat is to be applied may be ascertained 
as follows: In Table I., Appendix, the tem- 
perature of steam at all pressures is given. 
Suppose now that to heat a building to 60"* with 
hot water, it has been found (by rules given in 
chapter VI.) that 300 feet of four-inch pipe is 
required. If it is proposed to use steam of 5 lbs. 
pressure, — ^that is, 5 lbs. above the 16 lbs. which 
is necessary to prevent a vacuum in the boiler, 
— ^if we look in Table I., Appendix, for the 
nearest pressure to 20 lbs., we shall find the tem- 
perature of the steam is 225^. Now the tempera- 
ture of hot-water pipes being reckoned at only 
180°, or 120° above the proposed temperature of 
the room, and the temperature of the steam- 
pipes (at this pressure of 20 lbs.) being 226°, or 
165° above the proposed temperature of the room, 
the quantity of steam-pipe will be found by a 
common rule-of-three sum; namely, as 165* is 
to 120° so is 300 feet of hot-water pipe to the 
quantity of steam-pipe required to produce the 
same effect, which in this case will be 218 feet. 
Again: suppose the pressure of the steam is 
30 lbs., — that is, 30 lbs. above the 15 lbs. neces- 
sary to prevent a vacuum. If we look in the Table 
for the temperature of steam at 45 lbs. pressure, 
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we shall find it is 275^, or 215° above the proposed 
temperature of the building. In this case the 
calculation will be, as 215° is to 120° so is 300 feet 
the quantity of hot-water pipe required to the 
quantity of steam-pipe necessary to give the same 
heat, which in this case is 167 feet. 

(184.) These calculations are not absolutely 
correct; but they are sufficiently accurate for 
every purpose of practical utility. For it will be 
shown in another chapter (Chapter XI.) that the 
radiation of heat is proportionally greater at 
high temperatures ; and therefore while the 
ab^ve moae of calculation is quite sufficient for 
all practical purposes, such as those here contem- 
plated, the rule must not be construed to include 
scientific exactness. 

It may here be observed that the rule already 
given (Art. 41), for the elongation and expansion of 
hot-water pipes, must be observed wherever steam- 
pipes are applied to any heating purposes. 

(185.) In apportioning the boiler for heating any 
given quantity of pipe, both Tredgold and Bucha- 
nan assume tnat the steam-space in the boiler ought 
to be equal to the whole contents of the pipes, so as 
to fill the pipes easily with steam when the valves 
are openea; and, further, that the steam-space 
ought to be about half the entire capacity of the 
boiler. These proportions, however, do not ap- 
pear suited to modem practice, now that steam of 
much higher pressure is used. And although 
exposing a large surface of the boiler to the fire 
is always economical, a boiler of large capacity is 
not always convenient, nor, indeed, is it necessary 
for successfully applying steam to the heating of 
buildings. 

(186^^ Tredgold deduces jfrom his experiments 
that with steam of 2i lbs. pressure above the 
atmosphere (or 17 J lbs. actual pressure), 182 
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superficial feet of iron pipe will condense as much 
steam as will produce one cubic foot of water per 
hour, when the temperature of the room is 60** 
Fahrenheit. In this case he assumes the average 
temperature of the entire surface of the pipe to be 
200"* Fahrenheit. From this datum the propert size 
of the boiler can be calculated. 

It appears (by Art. 71) that four square feet of 
boiler surface exposed to the direct action of the 
fire will evaporate one cubic foot of water per 
hour. The boiler for a steam apparatus ought 
therefore to evaporate as much water per hour 
as the pipes wiU condense in the same time; 
hence a boiler possessing four square feet of 
surface exposed to the direct action of the fire 
will just supply sufficient steam to heat 

182sq.ft.ofpipewhe]ithepre86iireis2ilbB.aboyetheatmo8pliere 

161 

149 

135 

and supposing that in each case the temperature 
of the room is 60° Fahrenheit. It follows also 
that each of these several quantities of pipe will 
give off the same amoimt of heat in equal times. 

(187.) It by no means follows that these pro- 
portions of boiler surface are desirable to be 
adopted. Although they certainly will heat the 
pipe when skilfully applied and carefully attended, 
it is desirable to allow about one-half more boiler 
surface to meet the common contingencies of 
most apparatus, and to prevent the necessity for 
heavy firing. Watt allowed eight square feet 
of boiler suiface to evaporate one cubic foot of 
water per hour, and in the Cornish engines even 
a larger surface than this is allowed.* It will 
therefore be desirable to assume that six square 

* See note to Art. 71. 
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feet of boiler surface exposed to the direct action 
of the fire will be necessary to heat the several 
quantities of pipe here mentioned. 

ri88.) Having ascertained the surface of the 
boiler to be exposed to the fire, it becomes neces- 
sary to determine its shape and capacity. The 
forms of steam-boilers are almost as numerous 
as those which have been proposed for the hot- 
water apparatus. But for the ordinary purposes of 
heating buildings by steam, it is absolutely indis- 
pensable that the boilers should be simple m form, 
tolerably easy to clean out, of rather large capacity 
in proportion to their fire surface, and so durable 
as to require veiy little repair. For many pur- 
poses, these qualifications are firequently sacrificed, 
and necessarily so, in order to obtain lightness, 
rapid draught, and high evaporating power. 

(189.) For low-pressure boilers where the steam 
does not reach beyond 8 lbs. or 10 lbs. per square 

Fig. 39. Fig. 40. Fig. 41. 






inch, there is no bettor form than the old wag- 
gon boiler, fig. 39, which can be used of any size. 
The Cornish boiler, fig 40, is only suitable for 
larger apparatus, and is scarcely desirable for 
boilers of less size than about ten feet long and 
four feet diameter. The cylindrical boiler with 
hemispherical ends, fig. 41, is very suitable for 
high pressures, as it is one of the strongest forms 
for a boiler, and is therefore always regarded as 
one of the safest boilers that can be made. 
Any of these boilers have sufficient capacity, in 
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proportion to their surfaces, to render them very 
desirable for the purpose of applying steam-heat 
to buildings. In calculating the proper size for a 
boiler to produce a given effect, the same rule 
must be applied that has already been given 
(Art. 71) for calculating the power of boilers for 
the hot-water apparatus, namely, that the flue- 
surface of the boiler is only to be taken at one- 
third its actual measurement, when we want to 
estimate the extent of surface exposed to the direct 
action of the fire. Thus in fig. 39, suppose the 
boiler to be 6 feet long, 2i feet wide, and the 
flue-surface 2 feet deep all round the boiler, in 
this case the bottom of the boiler will have 
6 feet X 2i feet =15 feet of surface. The flue- 
surface, measured entirely round the boiler by 
2 feet deep, will be equal to 34 square feet ; and 
one-third of this latter measurement will be equal 
to 11^ feet, which, added to the former quantity 
of 15 feet, will make the boiler-surface equal to 
26^ square feet exposed to the direct action of the 
fire. ^ This boiler (by Art. 186 and 187) would be 
sufficient to heat 798 square feet of steam-pipe at a 
pressure of 2i lbs. per square inch, when the tem- 
perature of the room is kept at 60^ Fahrenheit. 

(190.) The quantity of coal that will be neces- 
sary to produce a given effect with a steam 
apparatus may be ascertained as follows : The 
quantity of water condensed by the pipes must 
first be ascertained as already pointed out. Sup- 
pose in the case already stated, that 182 square 
feet of pipe, in a room of 60^ temperature, con- 
denses one cubic foot of water per hour, when the 
pressure is 2i lbs. per square inch : then, by the 
data already given (Art. 94 and 95) it will be 
found that about 9 lbs. of coal is required to 
evaporate one cubic foot of water ; and this must 
be the quantity required to replace the loss of 
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heat by condensation of steam in the pipes; 
therefore the coal burnt would be 9 lbs. per hour, 
if there were 182 feet of steam-pipe in a room of 
60°, and the steam at the pressure of 2 J lbs. per 
square inch. Whatever quantity of water the 
pipes will condense per hour, — and which quantity 
can be estimated by the preceding rules, — ^the con- 
sumption of coal will be 9 lbs. for every cubic 
foot of water thus condensed. 

It has been already explained (Art. 71 and 95) 
that a very great difference exists in the heating 
eflFects of coal burned in diflferent ftimaces. The 
quantity above stated is a full allowance, and 
much more than some steam-boilers will require 
when very carefully worked. 

(191.) The size of the furnace-bars should be one 
square foot to bum about 10 lbs. to 11 lbs. of coal 
per hour ; and the surface of the boiler exposed 
to the direct action of the fire will generally be 
about five times the area of the fiimace-bars. The 
furnace of a steam apparatus will very seldom 
allow the use of a door to the ash-pit, as it re- 
quires a stronger draught than a hot-water appa- 
ratus, and the ash-pit door is very liable to reduce 
the draught. Unlike the hot-water apparatus, the 
heating effect of a steam apparatus ceases directly 
the fire fails to produce its fiill effect on the 
boiler; and therefore a brisk fire and con- 
stant attention are absolutely necessary for a 
steam apparatus, in order to keep up the proper 
action in the pipes. 

(192.) The various apparatus necessary to 
secure a proper supply of water to the boiler, 
and likewise to prevent danger by any undue 
pressure in the boiler, as well as the contrivances 
required to carry off the air ficom the apparatus, 
and to remove the condensed water from the 
pipes, are all much more complicated and expen- 
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sive than anything required for these purposes in 
a hot-water apparatus. 

The boiler is generally supplied with water by 
means of a stone-float apparatus, of which there 
are several varieties. A stone placed in the 
boiler, by a wire passing through a stufl&ng-box 
balanced by a lever with an attached weight, is 
made to turn a cock which ooimnimicates by a 
pipe jfrom the boiler with an elevated cistern of 
water. When the stone falls in the boiler, by 
the partial evaporation of the water, the cock is 
opened by the lever, and as much water comes 
into the boiler as will again float the stone, and 
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thus shut the cock. The cistern must always be 
high enough to have the column of water of greater 
weight than the pressure of the steam ; otherwise 
on opening the cock either water or steam would 
escape up the pipe, instead of the water coming 
down from the cistern. The pressure from the 
water in the cistern should be not less than from 
one-fifth to one-fourth greater than the pressure 
of the steam in the boiler ; and as every two feet 
in vertical height of the water in the cistern and 
pipe is equal to 1 lb. pressure of the steam in the 

o 
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boiler, the supply cistern ought to be not less 
than the following height above the boiler : — 

6 feet high to supply a boiler working 2J lbs. steam. 
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and generally a little more than this may be 
allowed in order to secure certainty of action. 

These elevations are very difficult to obtain for 
the higher pressures, and hence one of the diffi- 
culties in working very high pressures except in 
conjunction with a steam-engine ; in which case a 
force-pump is used to inject the water into the 
boiler without the aid of the elevated cistern. A 
modem invention of a self-acting injector has 
been introduced, but it is doubtful how far a 
complicated, though ingenious, apparatus can be 
safely trusted, unless it is under the constant and 
daily inspection of experienced and careful super- 
intendents. 

(193.) A safety valve is an indispensable ap- 
pendage to a steam-boiler. Whatever form of 
safety valve be used, the size of its clear opening 
ought to be not less than one circular inch for 
every six square feet of the boiler exposed to the 
direct action of the fire ; or, in other words, one 
circular inch for each cubic foot of water per hour, 
which the boiler will evaporate. A valve of this 
size is sufficient, whatever the pressure of the 
steam may be. When the boilers are large, two 
or more valves may be used, so as to give in the 
aggregate this amount of opening for the escape 
of steam. 

(194.) A steam-^uge is a very desirable ad- 
junct to a steam-boiler. For low-pressure boilers 
a mercurial steam-gauge is frequently used. But 
a very convenient gauge for either high or low- 
pressures is the ingenious instrument known as 
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^' Bourdon's Pressure Gauge," which shows on a 
small clock-face the correct pressure of the steam. 

(195.) A water-gauge is also another very useful 
addition to the fittings of a steam-boiler. This 
gauge consists of a glass tube, about 1 foot long, 
fixed between two cocks communicating directly 
with the boiler, generally in the front, near the 
furnace door, and so placed that the water-level 
in the boiler can be seen in the glass gauge, 
which is so fixed that the water-level is nearly 
about the middle of the glass tube. The water 
always stands at the same height in the tube as 
in the boiler. Any variation, therefore, in the 
height of the water in the boiler can be easily 
seen by looking at the height in the glass tube. 
The use of the two cocks of the glass gauge is 
merely to shut off the communication with the 
boiler, in case the glass tube should break : on all 
other occasions the cocks are to be left open. 

(196.) Every steam-boiler ought also to be 
supplied with two gauge-cocks, placed at the front 
of the boiler, at such height that one is always 
above the water-level, and the other about two or 
three inches below the water-level. By these 
cocks (as well as by the instrument last described), 
the proper height of the water in the boiler can 
be ascertained. If the upper cock, when opened, 
gives off water instead of steam, the boiler is too 
Sill of water : while if the lower cock, when it is 
opened, should give off steam instead of water, 
then the boiler is deficient of water, and danger 
inav be apprehended. 

(197.) A large cock is also required to be fixed 
in the boiler, called a " blow-off cock." It is for the 
purpose of emptying the boiler, and cleaning out 
the sediment, and requires to be frequently used. 
The boiler should be emptied once every two or 
three days, less or more, according to the hardness 

o 2 
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of the water, and the amount of work which the 
boiler performs. The pipe for the "blow-off 
cock " may be either fixed at the lowest point of 
the boiler, and be used simply to run the water 
off ; or the pipe may enter the top of the boiler, 
and descend within a couple of inches of the 
bottom of the boiler; in which latter case the 
water is forced out through the pipe and cock by 
the pressure of the steam, takmg care that the 
fire is so much slackened when this operation is 
performed that the boiler shall not be injured by 
the heat of the fire while the boiler is thus being 
emptied. 

p. 98.) All these various fittings for steam- 
boilers can so easily be obtained ready made, that 
it is not considered necessary here to describe 
them more particularly, as it is only in their ap- 
plication and general use that they require ex- 
planation. There are, however, still, some further 
appliances necessary for working a steam-heating 
apparatus which must not be passed over in this 
description. A cock is generally placed between 
the boiler and the pipes which heat the building. 
On opening this cock the steam drives before it 
all the air which was contained in the pipes; and 
unless a ready outlet for this air is provided, a 
portion of the pipes will remain fiill of air, and 
continue nearly cold. If the pipes are laid 
horizontally, there is but little difficulty in getting 
rid of this air, through a "blow-pipe" at the 
farther extremity, which may be opened when 
the pipes are about to be heated ; and when they 
are quite hot the blow-pipe may be nearly closea, 
in order to prevent the waste of steam which 
would necessarily occur after the air was expelled. 
But when the heating surfaces occupy several 
different levels, and particularly when they assume 
the form of coils, steam-plates, or ornamental 
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colimms, it is not always very easy to discharge 
the air without a good deal of care and con- 
trivance. The air is considerably heavier than 
steam, and therefore it naturally falls to the lower 
levels ; and it is from these lower levels the exit 
for the air must therefore be provided. These 
eduction pipes ought never to be wholly closed, 
even when the air has been expelled; but the 
management of these air-pipes is often a serious 
difficulty. In very extensive apparatus it has 
occasionally been found so difficult to drive out the 
air from the pipes and other heating vessels, that 
the employment of an air-pump to exhaust the air 
has sometimes been found necessary each time 
that the apparatus is warmed, in order to prevent 
the great delay in heating the apparatus which 
otherwise would occur. 

(199.) It is also necessary to provide for the 
escape of the condensed water. When steam of 
very low pressure is used, and the apparatus is 
upon a small scale, an inverted siphon-pipe is 
frequently used for this purpose. This inverted 
siphon-pipe must be of sufficient depth to resist 
the pressure of the steam, and frequently this 
becomes extremely inconvenient. Thus if the 
steam is 2 lbs. pressure, the siphon will require to 
be about 6 feet deep ; if the steam be 5 lbs. pres- 
sure, the siphon will require to be about 12 feet 
deep. A mr better contrivance for this purpose 
is a self-acting apparatus, made by a small close 
box with a floating valve placed pjg 44 
in the bottom, as fig. 44. This 
box, for an ordinary-sized steam 
apparatus, may be about 5 or 6 
inches diameter, and about 8 or 
10 inches high. A hollow copper 
ball, with a common spindle-valve 
attached to its lower side, is intro- 
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duced into the box, which is otherwise steam- 
tight. When the condensed water enters this 
box by pipes inserted near the top, it will float 
the ball, and thus raise the valve, which allows the 
condensed water to run out through the valve at 
tlic bottom. When the water has partly run out, 
the ball again falls, and closes the valve, and thus 
prevents any waste of the steam. Whenever this 
box is usea, an air-cock or air-pipe is likewise 
necessary; as this valve-box does not allow the 
escape of either air or steam, but only of the con- 
densed water, and it will not act, unless the air be 
carried off from the upper part of the box and ball. 

If the condensed water from the apparatus is to 
be used for any purpose, either as distilled water, 
or to supply the bouer again with fresh water, it 
can be collected as it flows out from this valve- 
box ; or it may be collected from the siphon-pipe 
previously described. 

(200.) The advantages of a steam apparatus 
over a hot-water apparatus appear to consist 
principally in the greater ease of application of 
the heatmg surfaces, where great inequalities 
and frequent alterations in the levels occur, and 
particularly where the boiler is necessarily placed 
considerably higher than the places which are to 
be heated, and likewise in the somewhat smaller 
extent of heating surface which is required. The 
disadvantages of the steam apparatus are its 
greater danger, and the absolute necessity which 
exists for constant attendance and watchfulness ; 
its want of permanence of temperature, except 
when the greatest possible care is bestowed ; and 
its somewhat increased cost of fiiel above that of 
a hot-water apparatus. The first cost incurred for 
the erection of the two kinds of apparatus will 
differ but little when the work is done in an 
equally substantial manner; but the wear and 
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tear, and repairs, of a hot-water apparatus will 
be less than that of a steam apparatus, as in the 
former there is absolutely nothing that can wear 
out except the boiler ; while in a steam apparatus 
there are various things which constantly require 
attention and repair, in addition to the greater 
amount of wear in the steam-boiler itself. 
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CHAPTER X. 

ON HEATING BY HOT AIR. 

Sylvester's Cockle-Stove— Improved Cockle-Stove — ^Estimate 
of Heating-power — Hot-air Stoves with Projecting Plates, 
and their Heating-power — Bemhardt's Hot-air Apparatus 
— Difficulty of Horizontal Mues— Multi-tubular Hot-air 
Apparatus — Hot-blast Appatatus. 

(201.) The appKcation of fire-heat to metallic 
Burfaces on which atmospheric air is made to 
impinge directly, without the intervention of 
either water or steam, is usually called a hot-air 
APPARATUS. This distinguishes it from any other 
apparatus in which air, although frequently quite 
as highly heated, receives its heat from pipes 
or vessels heated by steam or hot water. This 
method of heating atmospheric air possesses con- 
siderable utility. Previous to the introduction of 
the hot-water apparatus, this method of heating 
was much more used than it is ever likely again 
to be. The hot-water apparatus is so much more 
wholesome than the hot-air apparatus, that the 
latter can only be recommended where either 
partial vitiation of the air is of no great 
moment, or else where the object is merely to 
produce a drying and warming eflfect of con- 
siderable intensi^ for certain manu&cturing or 
economic purposes. In such cases as these, the 
hot-air apparatus frequently presents considerable 
advantages, as a drying effect of greater intensity 
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can be thus obtained than by any of the appara- 
tus which have been ahready described. 

(202.) The hot-air apparatus, in the form in 
which it is now best known, was employed at the 
close of the last century by Mr. Strutt, of Belper, 
near Derby, for warming his cotton-mills. It was 
subsequently improved, and extensively intro- 
duced into general use by Mr. Sylvester, who, in 
1819, published his description of the apparatus, 
with experiments on its heating powers. The 
construction recommended by Mr. Sylvester, how- 
ever, appears to be defective in one particular: 
for in his apparatus the furnace or fire-grate was 
placed so far below the surface of the cockle-case, 
that its effect was considerably diminished. In 
his apparatus the fire-grate was placed about two 
feet below the bottom of the cockle-case, or about 
from 7 feet to 8 feet below the surface which was 
to be heated by the fire. In some recent cases in 
which this form of apparatus has been used by 
the author, the furnace and fire-bars are placed 
entirely within the cockle-case, so as to make 
the fire-bars lie about one foot above the bottom 
of the cockle-case, and about five feet higher 
than in those used by Mr. Sylvester. The figs. 
45 and 46 show the apparatus in the last-men- 
tioned form, but in all other respects it is the 
same as that proposed by Mr. Sylvester. 

Fig. 45 is a section of the fiirnace, constructed 
of fire-brick inside the cockle-case. The cockle- 
case is of wrought iron one-fourth of an inch 
thick, and made arch-shape and closed both back 
and front, except at the furnace-door, which is 
fixed to the front. Between the sides of the 
furnace and the inside of the cockle-case is a 
vacant space about 4 in. to Sin. wide, and the. 
flame, smoke, and heated gases all pass downwards 
between these spaces and enter the longitudinal 
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flues, which extend along the bottom at both sides 
of the cockle-ease. These smoke-flues should 
be about 9 in. by 6 in., and their upper sides 
are partially covered by two plates of iron, which 
so cover them as to leave a narrow open slit fix)m 
three-fourths of an inch to one inch wide all the 
length of the cockle-case on both sides. These 
slits are the only places where the smoke can 
escape into the flues. These side flues communi- 
cate with another flue at the back, similar in size, 
but entirely covered on the top. This last flue 



Fig. 45. 



Fig. 46. 





leads into the chimney. There must be a soot- 
door at one or both ends of this back flue, to 
enable it to be cleaned out. To clean out the 
longitudinal or side flues, there is a soot- 
door in the front, at each side of the fiimace- 
door : and a rod with a handle at one end, and a 
small rake at the other end, is made to slide 
along the narrow slit already described, which 
keeps it constantly clear of soot, by merely draw- 
ing out the handle occasionally when the fire is 
replenished with fuel. 

(203.) The fire is entirely contained within the 
cockle, without any other outlet whatever for the 
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heated gases, flame, and smoke, except the two 
narrow slits left in the horizontal flues, already 
described. The cockle-case thus becomes heated. 
Between the outside of the cockle-case and the 
brickwork which surroirnds it, a vacant space is 
left of from 4 in. to 6 in., extending entirely round 
the iron case ; and at the lower part of this vacant 
space or air-chamber, a triple row of small pipes 
about 2 in. diameter, or 2 in. square, passes 
through the brickwork, and extends to within 
three-fourths of an inch of the iron sur£eice of the 
cockle-case. These pipes require to be numerous. 
The cockle-case here shown and described is sup- 
posed to be about 5 feet wide, 5 feet long, and 5 feet 
high. Such a cockle would require about 160 to 
200 such pipes. The use of them is to bring 
fresh air into immediate contact with the surface 
of the cockle; and when once it is brought in 
through these pipes, it cannot escape or return 
back again, £ts these pipes, when thus placed, 
form as it were a trap, which prevents the return 
of the air, and projects it against the highly- 
heated sides of the cockle. The air thus brougnt 
in passes over the entire surface of the cockle into 
the upper part of the air-chamber. Through the 
top of the brickwork, in the upper part of this 
hot-air chamber, any required number of pipes of 
large diameter lead the heated air into the dif- 
ferent rooms to be warmed, passing through the 
necessary flues or channels provided for the pur- 
pose. These large hot-air pipes are so fixed in 
the brickwork as to extend quite through the hot- 
air chamber, until they reach within one inch of 
the surface of the iron cockle-case (fig. 45). By 
this means the air is prevented from too easy an 
escape from contact with the heated cockle wnich 
otherwise would occur. The numerous small 
tubes at the lower part of the cockle, which pro- 
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ject the cold air against the heated iron are also 
essentially necessary. They were not used when 
the cockle-stove was first invented; and Mr. 
Sylvester states that, in some stoves to which 
they were subsequently addedj the heating power 
was just doubled when these induction pipes were 
used. 

(204.) It is obvious that this apparatus, when 
the fiimace or fire-box is built inside the cockle- 
case, can only be used on a rather large scale. 
It can scarcely be made less than 4i to 5 feet 
square; and perhaps the best form that can be 
used is a square base with a top in the form of 
a groined arch, so that the air may be easily 
brought in fi:om all the four sides ; ana a cockle- 
case of five feet square and five feet high would 
have a heating power equal to nearly 650 feet of 
four-inch pipe heated by hot-water. A smaller 
apparatus of this kind could be made if the fiimace 
were constructed of cast iron, with merely a lining 
of fire-brick ; and in this way a cockle of about 
3i feet square miffht be used, but the furnace 
itself would probably not be very durable,, in con- 
sequence of the thinness of the nre-brick. 

(206.) To estimate the power of this cockle- 
stove the experiments of Mr. Sylvester afford a 
very good guide. From these experiments, it 
appears that with his improved hot-air apparatus, 
or cockle-stove, 17 square feet of heating surface 
warmed 344,600 cubic feet of air 66** in twelve 
hours, with the consumption of 60 lbs. of coal. 
This is equal to 1,674 cubic feet of" air raised 
P per minute, when the consumption of coal was 
6 lbs. per hour, the heating-surface being 17 
square feet ; or it is also equal to 321,626 cubic feet 
of air raised P by the combustion of 1 lb. of coal. 
If we compare these results with the calculations 
(Art. 99) for estimating the power of the hot- 
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water apparatus, we shall find that each square 
foot of the cockle is equal in heating power to 
7 square feet of hot-water pipe. Therefore, in 
calculating the proper size of the cockle, we can 
either estimate it by the quantity of air required 
to be heated per minute, by Mr. Sylvester's rule, 
or we can ascertain by the rules given (Art. 99 to 
111) the quantity of not-water pipe required, and 
one-seventh of this quantity will be the proper 
superficies of the iron case of the stove to produce 
the same effect. 

(206.) The actual temperature of the cockle- 
stove itself can also be estimated without any 
great difficulty. If the radiating power of the 
stove is seven times that of hot-water pipes 
heated to 200** Fahrenheit, we shall find by the 
experiments on cooling, giving by Petit and 
Dulong, in Chapter XI. (Art. 227, et seq.\ and by 
reducing the figures there given to Fahrenheit's 
scale, that 4-3 times the temperature of hot-water 
pipes will give seven times the effect ; therefore 
hot-water pipes being (we will assume) at 200** or 
140** above the temperature of the air, the stove 
will be of the actual temperature of about 560** 
Fahrenheit to produce seven times the effect of 
hot-water pipes. As this kind of stove bums 
with rather a slow draught, it is probable that this 
statement of the temperature is not far fi-om the 
truth. 

(207.) It must be borne in mind that in this 
form of apparatus the back and fi'ont of the 
cockle, as well as the sides, can be made avail- 
able for heating the air, if properly constructed 
and placed at a distance from any wall, and so 
arranged as to bring a supply of firesh air to act 
upon it on all sides. It should also be observed 
that this estimate of the heating power of the 
cockle, compared with hot-water pipes, must be 
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taken with this limitation : That the usual mode 
of fixing hot-water pipes allows the air already 
in the room or buildmg to be heated repeatedly 
by the radiating surfaces; while with the cockle- 
stove it is always (except in some very peculiar 
cases not here contemplated) the external air 
which is brought into contact with the stove, to 
be heated to the required temperature. This 
will make a very considerable diflFerence in the 
eflFect produced in heating any given building 
(Art. 162), whatever may be the nature of the 
heating siirface. 

(208.) Another form of the cockle-stove was in- 
vented by the son and successor of Mr. Sylvester, 

Fio. 47. 
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about thirty years ago. It was subsequently 
adopted by Mr. Goldsworthy Gumey, and called 
by nis name. It can be made of almost any 
size, and usefully employed in many cases. 
The invention consists of a cast-iron cockle, on 
the outer side of which are a great number of 
projecting-plates extending to as much as eight or 
ten, or even twelve, inches, beyond the surface of 
the cockle, which is exposed to the direct action 
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of the fire ; and by this means the radiating sur- 
faces are greatly increased in extent, and their 
temperature proportionally lowered. Fig. 47 
shows this kind of cockle-stove, which requires to 
be cased in brickwork, with a rery free admis- 
sion of air to the external projecting plates. The 
air is admitted below the level of the fiiniace- 
door, and, after receiving the required warmth 
from the heated plates, is conveyed from the 
upper part of the cockle into channels or hot-air 
flues, and from thence conveyed into the various 
places to be heated. 

(209.^ To estimate the heating power of these 
stoves, it is only necessary to ascertain the sur- 
face of the inner arch, which is exposed to the 
direct action of the fire. The projecting plates 
add nothing whatever to the heatmg power of 
the stove. They merely conduct the heat of the 
inner arch, and thereby rapidly lower its actual 
temperature, and thus, to a great extent, prevent 
the deleterious effects which result from the air 
coming into contact with intensely heated sur- 
faces. The actual heating effect, however, would 
be the same whether these projected plates were 
present or not, provided the air were made to 
mipinge with sufficient force and rapidity against 
the intensely heated sides of the stove imme- 
diately in contact with the fire. 

(210.) The temperature of the cockle-stove with 
its slow combustion and isolated fire-box having 
been estimated at 660^ Fahrenheit (Art. 206), 
we may well suppose that this stove, with the fire 
in actual contact with the sides of the inner 
arch of the stove, the temperature of the arch 
itself would be not less than 700*" Fahrenheit, if 
the heat were not rapidly conducted away by the 
projecting plates. This temperature will make 
the heating effect of this stove ten times that of 
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hot-water pipes ; and therefore, if we measure the 
actual surface of the inner arch of this stove 
(leaving out the back, which is not used for 
neating the air), and multiply the number of 
square feet thus found hj terij we shall have the 
number of square feet of hot-water pipe that will 
be equal to the surface of this stove. 

It is difficult, however, to estimate the real 
power of this stove, because hj making a very 
fierce fire the efiect may be increased so mucn 
as to invalidate any ordinary calculation of the 
power. This is not the case with a hot-water 
apparatus, because there the limit to the tem- 

{)erature of the heat-distributing surface is abso- 
utely fixed, and can never exceed the heat of 
boiling water. But with all hot-air stoves, there 
is no absolute limit of this kind ; by skilful or 
unskil^l treatment of the fire, the heating power 
may be so greatly altered as to render any calcu- 
lation uncertain. 

(211.) Another form of hot-air apparatus was 
some years since rather extensively used. In the 
year 1834 a patent was taken out by M. Bernhardt 
for a peculiar form of hot-air apparatus. The 
inventor failed to carry out the invention beyond 
a very limited extent ; and in the year 1842 the 
same plan was a^tin patented, with very little 
variation, by Mr. Hazard, of Clifton. The general 
form of this apparatus is shown, fig. 48. 

In this apparatus the smoke and products of 
combustion pass from the furnace directly into 
a set of cast-iron tubes, generally five or six in 
number, which tubes form a long coil as shown in 
the figure. By the peculiar form given to this 
coil, the various pipes, after passing in a straight 
line for 6 or 6 or 8 feet, enter into a cast-iron box 
(shown in the figure), and from thence through 
another set of pipes, again pass into another box 
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like the first, and so on, passing backward and 
forward until five or six or more alternations have 
been made, and the smoke and products of com- 
bustion have thus passed through a coil of pipes 
of the aggregate length of 300 feet, or upwards, 
and usually about two or three inches diameter. 

Fig. 48. 




The whole of these pipes are then enclosed in a 
brick casing, into which cold air is admitted at 
the bottom, which, after passing upward, and 
successively coming into contact with the various 

Eipes, finally escapes at the top of the case, highly 
eated, and is from thence conveyed into any 
building or room where it is required. 

p 
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(212.) This plan of heating air is no doubt 
very economical; and for many manufacturing 
ana drying purposes it would possess veiy great 
advantages, if it were not for the extreme difficulty 
of cleaning the pipes from the soot. The cast-iron 
boxes which connect the pipes can be made to 
open at the ends, and possibly (though with much 
more difficulty) in the front also ; but it scarcely 
appears possible eflfectually to clean out the pipes 
themselves, and the constant dirt and extreme 
annoyance of the efforts to keep the pipes clear 
necessarily disqualifies this apparatus for general 
use. Like many other patent inventions, this ap- 
paratus could boast of numberless certificates 
of high approval from parties of unquestioned 
veracity ; but, notwithstanding these testimonials, 
the use of this form of apparatus appears now 
to have entirely ceased. 

(213.) These several forms of hot-air appa- 
ratus are all subject to one general objection to 
their application. Whenever the ftirnace and 
heating-surfaces are placed at a distance from the 
place to be heated, and are not directly under it, 
there is great difficulty in conveying the heated 
air laterally through horizontal flues, unless the 
flues have first given to them a very great vertical 
height. This vertical height of flue gives velociiy 
to the current of heated air ; and without this it is 
most difficult to make the current travel horizon- 
tally along the flues which are requisite to convey 
it to the different rooms. Mr. Sylvester, in his 
description of Mr. Strutt's hot-air cockle, states, 
that it is necessary to have the cockle and furnace 
from 20 to 30 feet below the rooms which are to 
be heated, in order to obtain sufficient velocity of 
the air before it passes in a horizontal direction. 
It is almost impossible to obtain this depth for the 
ftimac'e below the rooms which are to be heated 
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in any ordinary buildings, and unless, therefore, 
the ramace can be placed immediately imder the 
place to be heated, the hot-air apparatus becomes 
extremely difficult of application. The only way 
to overcome the difficulty is to warm the horizontal 
flues by some extraneous means. When this can 
be done, the hot air travels readily through 
the horizontal flues, and when once the current 
has been established, it continues readily to flow. 
This is now sometimes done by means of hot- 
water pipes, which are laid in the horizontal flues ; 
and these pipes can be heated by means of a 
coil of wrought-iron pipes passing through the 
furnace of the cockle-stove. The proper size of 
this subsidiary apparatus for warming the flues 
may be easily ascertained. In very large flues of 
from three to four feet square (or from nine to 
sixteen square feet area) two hot-water pipes of 
four inches diameter, laid the whole length of the 
flue, are sufficient ; and in smaller flues two pipes 
of 2 inches diameter will be large enough for the 
purpose. The size of the coil to heat this pipe can 
be easily ascertained by the rules given (Art. 71) 
for apportioning the size of boilers ; by which it 
will be seen that one superficial foot of coil placed 
in the ftimace will be sufficient to heat from 40 to 
50 feet of 4-inch pipe in the flue, or twice that 
length of 2-inch pipe. 

(214.) Another apparatus for heating air to a 
moderate extent, and well suited for warming and 
ventilating purposes, is shown in figs. 49 and 50. 
It consists of a number of iron pipes of 10 to 15 
feet long, and about 2 or 2i inches diameter, 
fixed at each end into a tube-plate (fig. 49), and 
as close together as they can be easily placed. 
This series of tubes, with its two end-plates, is then 
built into a fiimace in such manner that the 
flame and heated gases shall act as extensively as 

p 2 
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In all cases the air is forced through the pipes by 
mechanical means, and the pipes themselves are 
heated externally in a sort of reverberatory fur- 
nace. The pipes thus become red-hot, and the 
air in passing through them is heated to any 
required temperature, varying from 300* to 600"* 
Fahrenheit.* For manufacturing purposes, this 
form of apparatus may sometimes be extremely 
useful, where motive power by a fan or otherwise 
can be obtained ; ana enormous quantities of air 
can be heated by this means. The apparatus is 
subject to a considerable amoimt of wear and tear, 
in consequence of the great heat of the furnace ; 
but by proper arrangement of the parts this 
may be considerably modified. 

(218.) The proportions of this form of appara- 
tus, to suit it for any of the ordinary purposes to 
which it may be applied, are not easuy deduced 
from the experiments published respecting its 
application to iron manufacture. The velocity of 
the air passing through the pipes when the 
apparatus is used in the blast-fumaces, is from 
350 to 400 miles per hour ; the volume of heated 
air from 2,000 to 3,000 cubic feet per minute ; 
and the heated surfaces of the pipes fit>m 1,200 
to 1,800 square feet. Those quantities are so 
enormous, and the alteration of any one of them 
so completely invalidates any calculation founded 
upon their joint effect, that no useftil data can be 
drawn from them to apply the apparatus to any 
other purpose. Nevertheless, it is clear that 
where a motive-power for forcing air through 
the heated pipes can be employed, a very usefiil 
apparatus in mis form might be obtained, which 
would be applicable for drying purposes, as the 

* See Dufrenoy's *' Report on the Use of Hot Air in the Iron 
Works of England ;" and also a Translation, published by 
Murray. London, 1836. 
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force and temperature of the blast may be regu- 
lated to almost any extent. 

(219.) The best mode of producing a blast of 
air for the purpose here described is by the fan- 
described (Art. 363, et aeq.). Where steam-power 
is used, this application will present no difficulty ; 
but unless some mechanical means of forcing 
the air through the tubes with considerable 
velocity can be employed, this form of apparatus 
would be utterly unsuitable. When used in 
this way, there is no apparatus that can com- 
pare with it in power, wherever large volumes 
of intensely heated air are required for desiccat- 
ing purposes. For drying timber in very large 
quantities ; for the rapid evaporation of moisture 
in many processes ; for curing-stoves for animal 
substances ; and for many other purposes of 
manufacturing economy — this mode of heating 
and drying presents advantages of no inconsider- 
able extent, though, up to the present time, it 
has never been used in this manner. 

The deterioration of the air by passing over 
highly-heated metallic surfaces must not be lost 
sight of when considering any of the plans for 
hot-air apparatus. This part of the subject is 
ftdly treated on in Chapter III., Part II., of this 
work, to which the reader is referred. 
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CHAPTER XI. 

ON THE LAWS AND PHENOMENA OF HEAT. 

Eadiation Bnd Conduction — General Law of Cooling Bodies in 
Air and other Gases — Different Law for Conduction and 
for Badiation — ^Effect by the Incidence of the Bays — 
Effects of Surface on Badiation— Effects of Coloujv-Effects 
of Boughness — ^Absorptive Power of Bodies for Heat — 
Conducting Power of Metals — Conducting Power of Wood 
— Conducting Power of Limuds — Cooling Influence of 
Water and Air — ^Beflectiye JPowers of £>die8— Specific 
Heat of Bodies — ^Latent Heat — Spontaneous Evaporation 
— Heat and Cold by Condensation and Barefaction of the 
Air— Motion of Liquids influenced by Heat — ^Effect of 
Heat on Strength of Materials. 

(220.) However various are the methods by 
which artificial heat is distributed in the warming 
of buildings, they are all reducible to certain 
rules, which constitute the primary laws of heat. 
These laws are very numerous, and some of them 
extremely complicated ; but they possess a very 
high degree of philosophic interest. They are 
far too extensive, however, to allow in this work 
even a bare outline of all the various phenomena 
to be given, which this branch of science exhibits. 
But in the present chapter such of the laws of 
heat as relate to the subject more immediately 
before us shall be statea, in order to aflfbrd a 
more ready and convenient reference to those 
who wish to study the scientific principles of 
warming buildings by artificial heat. 
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(221.) There are four distinct properties of 
heat, which all bodies possess in a greater or less 
degree, which we shall first consider. These 
are, radiation^ absorption^ conduction^ and reflection. 
There are also others, which will be subsequently 
mentioned, such as the specific heat of bodies, 
their change of state, and other subjects con- 
nected with their chemical constitution. 

(222.) Heated bodies cive off their caloric by- 
two distinct modes — eradiation and conduction. 
These are governed by different laws: but the 
rate of cooling by both modes increases con- 
siderably in proportion as the heated body is of 
a greater temperature above the surrounding 
medium. This variation was long supposed to 
be exactly proportional to the simple ratio of the 
excess of heat; that is to say, supposing any 
quantity of heat . given off in a certam time at a 
specified difference of temperature, at double that 
difference twice the quantity of heat would be 
given off in the same time. This law was origi- 
nally proposed by Newton, in the Principia^ and, 
although rejected as erroneous by some philo- 
sophers, it was followed by Ricmnann, Kraft, 
Dalton, Leslie, and many others; and was 
usually considered to be nearly accurate, until 
the masterly and elaborate experiments of MM. 
Petit and Dulong proved that, although approxi- 
mately correct for low temperatures, it becomes 
extremely inaccurate at the higher degrees of 
heat. 

(223.) The cooling of a heated body, under 
ordinary circumstances, is evidently by the com- 
bined effects of radiation and conduction. The 
conductive power of the air is principally owing 
to the extreme mobility of its particles, for other- 
wise it is one of the worst conductors we are 
acquainted with ; so that when confined in such a 
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manner as to prevent its freedom of motion, it is 
a most useful non-conductor. 

(224.) The proportions which radiation and 
conduction bear to each other have, in general, 
been very erroneously estimated. Coujit Rumford 
considered the united effect, compared with radia- 
tion alone, was as five to three; and Franklin 
supposed it to be as five to two. Dr. Murray also 
considered a certain relation existed between 
radiating and conducting powers. 

No such general law, however, can be deduced; 
for the relative proportions vary with the tem- 
perature, and with the peculiar substance or sur- 
face of the heated body. For while the cooling 
effect of the air by conduction is the same on all sub- 
stancesy and in all states of the surface of those sub- 
stances^ radiation varies materially, according to 
the nature of the surface. 

(225.) The elaborate experiments of Petit and 
Dulong have placed on record a vast amount of 
most valuable information on this subject;* and 
by their researches some of the most important of 
the laws of heat have been deduced. Tne follow- 
ing abstract will give such of their deductions aa 
are most applicable to the subject under inquiry. 

(226.) The influence of the air by its power of 
conduction varies with its elasticity or barome- 
tric pressure. The greater the elastic force, the 
greater also is its cooling power, according to the 
following law : When the dasUcity of the air varies 
in a geometrical progression whose ratio is 2, its cool- 
ing power changes likewise in a geometrical progres- 
sion whose ratio is 1'366. 

The same law holds with all gases, as well as 
with atmospheric air; but the ratio of the pro- 
gression varies for each gas. 

* Ann. de Ckimiey vol. vii., p. 113, et seq,; B,nd Annals of 
Philosophy, vol. xiii., p. 112, et seq. 
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(227.) To show the relative velocities of cool- 
ing, at different temperatures, the following Table, 
constructed from the experiments of Petit ^.nd 
Dulong, is given. The first column shows the 
excess of temperature* of the heated body above 
the surrounding air ;t the second column shows 



Table VI. 



Excess of 

Temperature of 

the Thermometer 

above that of 

the Air; 

Centigrade Scale. 


Total Velocity 

of Cooling of 1; le 

naked Bulb. 


Total Velocity 

of Cooling 
of Bulb covered 
with Silver- 
leaf. 


Amount of 

Cooling due to 

Conduction 

of the 
Air alone. 


260^ 


24-42 


10-96 


8-10 


240° 


2112 


9-82 


7-41 . 


220° 


17-92 


8-59 


6-61 


200° 


15-30 


7-57 


5-92 


180° 


13-04 


6-57 


519 


160° 


10-70 


5-59 


4-50 


140° 


8-75 


4-61 


3-73 


120° 


6-82 


3-80 


311 


100° 


5-57 


306 


2-53 


80° 


4-15 


2-32 


193 


60° 


2-86 


1-60 


1-33 


40° 


1-74 


•96 


•80 


20° 


-77 


•42 


•34 


10° 


•37 


•19 


•14 



* The temperatures in all these experiments of Petit and 
Dulong are expressed in degrees of &e Centigrade thermo- 
meter. As the zero of this mermometer is the freezing-point 
of water, and from that to the boiling-point of the same fluid ^ 
is 100°, in order to find the number of degrees o{ Fahrenheit* 8 
scale which answers to any given temperature of the Cent t- 
^ade, multiply the number of degrees of Centigrade by nine, 
and divide the product by five ; add 32 to the quotient thus 
obtained, and this sum will be tiie number of decrees of 
Fahrenheit required. As, however, in the above Table, the 
temperatures given are only the exceest and not the absolute 
temperatures, the 32° to be added by this rule must be 
omitted. 

t In these experiments, the temperature of the air was at 0° 
Centi^ade, therefore these temperatures are both the excess 
and alBO the absolute temperatures. 
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the rate of cooling of a thermometer with a plain 
bulb; and the third column gives the rate of 
cooling when the bulb was covered with silver- 
leaf. The fourth colunm shows the amount due 
to the cooling of the air alone; and by deducting 
this from the second- and tlurd columns respec- 
tively, we shall find what is the amount of radia- 
tion under the two different states of surface^ noticed 
at the top of the second and third columns. 

(228.) Some very remarkable effects may be 
perceived by an inspection of the above iBble. 
It appears tnat the ratio of heat lost by contact 
of the air alone is constant at all temperatures ; 
that is, whatever is the ratio between 40° and 80°, 
for instance, is also the ratio between 80° and 
160°, or between 100° and 200°. This law is 
expressed by the formula — 

v=n. t^'^ 

where t represents the excess of temperature, and 
n a number which varies with the size of the heated 
body. In the case represented in the foregoing 
Table, n= 0-00857. 

(229.) Another remarkable law is, that the cool- 
ing effect of the air is the same for the like excess of 
heat on all bodies without regard to the particular 
state or nature of their surface. This was ascertained 
by Petit and Dulong, in a series of experiments 
not necessary here to detail, but which abundantly 
prove the accuracy of the deduction.* 

(230.) By comparing the second and third 
columns in the preceding Table, it will be imme- 
diately perceived that the loss of heat by radiation 
(deducting the cooling by conduction of the air, 
given in the fourth column) varies greatly with the 
nature of the radiating surface; though, whatever 
be the nature of the surfisice, the loss of heat follows 
the same law in all cases^ though in a different ratio. 
* AnmU of PhiUmphy^ vol. xiii. 
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It shoTiId be observed that in this Table the 
second, third, and fourth columns show the 
number of degrees of heat which were lost per 
minute by the body which was the subject of 
experiment ; and, therefore, these numbers repre- 
sent the velocity of cooling. 

When the numbers in the last column are 
deducted from those in the second and third 
columns, the difference will show the loss of heat 
by radiation for the plain and silvered bulb re- 
spectively ; the fourth column being the loss by 
conduction of the air, which is the same for all 
surfetces. It will immediately be perceived, 
therefore, that the loss of heat by conduction and 
by radiation bear no constant ratio to each other. 
But, while conduction proceeds hy a regular geome- 
trical progression, radiation follows another law, 
viz., when a body cools in vacuo ^ surrounded hy a 
medium whose temperature is constanty the velocity of 
cooltngy for excess of temperature in arithmetical pro- 
gression^ increases as the terms of a geometrical pro- 
gressiouy diminished by a constant quantify/. This 
law is represented by the formula — 

Y=m.a'(a*—1) 

where a is the constant quantity for all bodies= 
1-0077; tthe excess of temperature of the radia- 
ting body : d the temperatmre of the surrounding 
medium ; and m a co-efficient, which varies with 
the size and nature of the radiating body, to be 
determined for each particular case. It will 
likewise appear that, when we compare the total 
cooling of two different surfaces, the law is more 
rapid at low temperatures, and less rapid at high 
temperatures, for the body which radiates the 
least J in comparison with that which radiates with 
greater power. 

(231.) But the cooling of a body by conduction 
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of the air differs from the eflFect of radiation in a 
remarkable manner, in this particular — that, 
while the ratio of loss by conduction continues the 
same for the same excess of temperature^ whatever be 
the oAsolute temperatures of the air and heated body ; 
radiation tnereases in velocity^ for like excess of 
temperature^ when the absolute temperatures of the air 
and heated body increase. The following Table 
shows the law of cooling by radiation^ for the same 
body, at different temperatures : — 

Table VII. 



Excess of 


Velocity of CooUng when the surrounding Medium is at 


Temperature 
of the 


the undermentioned Temperatures. 


0" 


20* 


^O** 


60^ 


220^ 


8-81 


10-41 


11-98 


_„. 


200° 


7-40 


8-58 


1001 


11-64 


180° 


610 


704 


8-20 


9-55 


160° 


4-89 


5-67 


6-61 


7-68 


140° 


8-88 


4-57 


5-32 


614 


120° 


3-02 


8-56 


4-15 


4-84 


100° 


230 


2-74 


316 


3-68 



It will be observed in this Table that, when 
the absolute temperatures of the surrounding 
medium and radiating body are increased 20° of 
Centigrade, the difference between their temperatures 
continuiny the same, the velocit)^ of cooling is 
multiplied by 1'165, which is the mean of all the 
ratios in the above Table, experimentally deter- 
mined. 

SJ32.) The total cooling of a body by radiation 
conduction, then, we shall find to be repre- 
sented, under all circumstances, by this formula — 

m . a^ (a*— 1) + n.t^ 
The quantities a and b are constant for all bodies, 
and ujider all circumstances ; the first being = 
1-0077 and the latter =1-233. The co-efficient 
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m will depend on the size and nature of the heated 
surface, as well as upon the nature of the sur- 
rounding medium. The co-efficient n is inde- 
pendent of the absolute temperature, as well as of 
the nature of the surface of the body ; but will 
vary with the elasticity and nature of the gas in 
which the body is plunged: t is the excess of 
temperature of the neated body, and e the tem- 
perature of the surrounding meaium. 

(233.) The fact, already Q,dverted to, that the 
ratio of cooling of those bodies that radiate least 
is more rapid at low temperatures, and less rapid 
at high temperatures, than those bodies that 
radiate most, is perhaps one of the most remark- 
able of the laws of cooling. It was first deduced 
experimentally by Petit and Dulong, and it may 
be mathematically proved from their formulae.* 
It appears, however, that, when the total cooling 
of two bodies is compared, the law is more rapid 
at low temperatures for the body which radiates 
least, and less rapid for the same body at high 
temperatures ; though separately, for conduction 
and for radiation, the law of cooling is, for the 
former, irrespective of the nature of the body, and 
for the latter, that all bodies preserve, at every 
difference of temperature, a constant ratio in 
their radiating power. 

(234.) To revert to the first Table in this 
chapter. We find the total cooling at 60** and 
120° (of Centigrade) to be about as 3 to 7 ; at 60° 
and 180°, as 3 to 13 ; and at 60° and 240, as 3 to 
21 : whereas, according to the old theory of 
Newton, they should have been respectively as 
3 to 6 ; as 3 to 9 ; and as 3 to 12. But we find 
that the deviation increases greatly with the 
increase of temperature, and that when the excess 
of temperature of the heated body above the 
* AnnaU of Philosophy^ vol. xiii., p. 336. 
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surrounding air is as high as 240* of Centigrade 
(432** of FfiSirenheit), the real velocity of cooling 
IS nearly double what it would appear to be by 
the old and imperfect theory, varying, however, 
with the nature of the surface. 

(235.) But radiant heat is subject to other laws 
besides those we have yet considered. Rays of 
heat diverge in straight lines fix)m every part of 
a heated surface, and likewise fix)m extremely 
minute depths below the surfieice of hot bodies, 
being subject to the laws of refraction, the same 
as light. The intensity of these rays decreases as 
the square of the distanecj and the emission of the 
rays is greatest in a liue perpendicular to the 
surface. The same law obtams here, also, as with 
light — ^that the eflFect of the ray ia as the sine of 
ths anffle which it forms with the surface from 
which it emanates.* This lata of the stneSy first 
discovered experimentally by Leslie, suggests a 
practical caution connected with the subject before 
us, namely, that the shape of the pipes used to 
warm a buHding is not wholly unimportant ; for, 
if flat pipes be used, and they be laid horizontally, 
the major part of the radiated heat from the upper 
sur£su;e will be received on the ceiling, and 
therefore will produce but little beneficial effect. 
The loss sustained in this way will be greater in 
proportion to the higher temperature of me pipes ; 
for it will be seen by the Table at the beginning 
of this chapter, that the relative proportion which 
radiation bears to conduction increases with the 
temperature : at the ordinary temperature of hot- 

♦This law is thus stated by Fourier: "The rays of heat 
which issue under different angles from the same point of the 
surfeuse of anybody, have an intensity which decrc^ases propor- 
tionally to the sine of the angle formed by their direction with 
the plane tangential to the surface at the point of emission." — 
London and Edinburgh Philosophical Magazine, vol. ii., p. 104; 
also, Reporty British ScimUfie AMSoeiation^ vol. iv. (1836), p. 22. 
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water pipes, about one-fourth the total cooling is 
due to radiation. 

(236.) The radiation of heat, we have already 
seen, is greatly either increased or diminished 
according to tne nature of the surface of the 
radiating body. Professor Leslie has given the 
following as the relative powers of radiation by- 
different substances : * 



Table VHr. 



Lamp-black . 


• 100 


Water (by estima 


te) . 100 


Writing Paper 


98 


Besin . 


96 


Sealing-wax. 


. 95 


Crown Glafis 


90 


China Ink . 


88 


Ice 


85 


Bed Lead . 


. 80 


Isinglaas 


80 


Plumbago . 


75 


Thick Film of Oil 


59 


Pihn of Jelly 


. 54 


Thinner Film of C 


)il . 51 



Tarnished Lead . 

Thin Film of Jelly (one 
quarter of former) . . 

Tin scratched with Sand- 
paper 

Mercury 

Clean Lead . 

Iron, polished 

Tin Plate . 

Gold, Silver, and Copper 

Thin LaminsB of Gold, 
Silver, or Copper Leaf, 
on Glass . 



45 

38 

22 
20 
19 
15 
12 
12 



12 



(237.) It is very generally supposed that cohur 
has a considerable influence on radiant heat, and 
also upon the absorption of heat, ihe two effects 
being similar and equal. Sir Humphrey Davy, 
by exposing surfaces of various colours to tne 
heat of the sun, proved experimentallyf that 
the absorbing power of different colours was in 
this order : black, blue, green, red, yellow, and 
white ; black being the best, and white the worst 
absorbent. In this order, then, we should expect 
to find the radiating powers of different colours, 
and that by painting a body with a dark colour 
we should increase its power of radiation. This, 

♦ Leslie, On Heat, pp. 81—110. 

t Beddoe's Contrihdiomj p. 44 ; also. Dr. Stark's " Re- 
searches on Heat," PhUosophieal IVansaettons, 1834 j and 
Rep&rUn-y of ArU, 1834, pp. 267, 312. 
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however, is not the ease; and there are the 
strongest reasons for supposing that the absorp- 
tion and radiation of simple h&at — ^that is, heat 
without light, or heat from bodies below lumi- 
nosity — are wholly irrespective of colour, and 
depend upon the nature of the surface. 

(238^ By comparing the results given in the 
above Table, it will appear that the radiation of 
heat bears no relation to colour, when the radiat- 
ing body is below the temperature of boiling 
water. By the Table it appears that lamp-black 
and white paper are nearly equal in power; while 
Indian ink is much less, and black-lead still lower 
in the scale ; though, as far as colour only is con- 
cerned, these last are nearly the same as lamp- 
black. Professor Powell considers, as also did 
Leslie, that softness may probably tend to increase 
the radiation of simple heat;* and the former 
found that a thermometer-bulb coated with a 
paste of chalk was affected (by this kind of heat — 
that is, heat below luminosity) even more than a 
similar one coated with Indian ink ; but the same 
result does not occur with luminous hot bodies.^ 
Professor Bache has likewise made an extensive 
series of experiments on this subject, which con- 
firm this result. J The experiments of Leslie 
proved that radiation proceeds not only fix)m the 
surface of bodies, but also from small depths below 
the surface ; and therefore the thickness of coat- 
ing of any good radiating substance materially 

* It is necessary to distinguish particolarlj between iimph 
heat £rom bodies of a limited temperature and that which is 
given oS j&om luminow hot bodies. From these latter, the 
experiments of Nobili and Melloni prove the existence of two 
distinct kinds of heating rays given off at the same time from 
the same body. 

t Professor Powell's ** Eeport on Heat," JBritith Scientific 
Aeeoeiation^ vol. i., p. 279. 
X Ibid., vol. ix. (1840), p. 18. 
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affects the results, as may be observed by the 
above Table.* The thioKness which produces 
the greatest effect, however, probably varies with 
different substances ; and it is therefore necessary 
to separate this effect from anything merely re- 
sulting from the colour of the heated body. 
Professor Powell, after an elaborate examination 
of all the phenomena attending the heat received 
from the sun, is of opinion that there is no Btmph 
radiant heat received by us from the sun's rays ; 
and that the simple racuant heat, which no doubt 
is initially radiated from the sun, is absorbed by 
the atmosphere of that luminary, some small 
portion, perhaps, which escapes being stopped in 
the higher regions of our own atmosphere.f The 
experiment of Sir H. Davy, on the absorption 
and radiation of solar heat by different colours, is 
therefore not applicable to the case of simple heat^ 
or such heat as is given out by bodies below 
luminosity. And in conformity with this view is 
the experiment of Scheele, in which he found 
that if two thermometers filled with alcohol, one 
red and the other colourless, were exposed to the 
sun's rays, the coloured one would rise in tem- 
perature much more rapidly than the other; 
but if they were both plunged into the same 
vessel of hot water, they rose equally in equal 
times. 

(239.) We are fiiUy justified, then, from these 
ana other analogous experiments, in drawing the 
conclusion, that the radiation o/simple'heat is not 
influenced by the colour of the heated body. Any dif- 
ference which appears to obtain in this respect 
is, therefore, solely referrible to the nature of the 
colouring substance. 

(240.). The effect of roughness of the surface 

♦ Leslie, On Heat, pp. 106—110. 

t Report of the Brithh Seientifio Associationf vol. i., p. 290. 

Q 2 
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was also investigated by Sir J. Leslie ; and he 
found that either tarnished surfaces, or such as 
are roughened by emery, by the file, or by draw- 
ing streaks or lines with a graving tool, always 
had their power of radiation considerably in- 
creased.* The accuracy of this deduction had 
not been questioned until some recent experi- 
ments of M. Melloni ; by which it has been ascer- 
tained that this increased effect firom roughened 
surfaces is not a general law, but is only a parti- 
cular result, for which another explanation must 
be sought. M. Melloni experimented with four 
plates of silver, two of which, when cast, were 
left in their natural state, without hammering, 
and the other two were planished to a high 
degree under the hammer. All the plates were 
then finely polished with pumice-stone and char- 
coal; ana after this one of each of the pairs 
of plates was roughened by rubbing with coarse 
emery paper in one direction. The quantity of 
heat raoiated firom these plates was as follows: — 

Hammered and polished plate . .10^ 

„ and roufi;hened ,, .18^ 

Cast and polished pkite .... 13*7^ 
„ and roughened „ . . . . U'S® 

In comparing these effects, it appears that the 
hard hammered plate increased in radiating 
power four-fifths by roughening its surface ; while 
the soft cast plate lost nearly one-fifth of its 
power by the same process. M. Melloni, there- 
fore, draws the conclusion that the roughness of 
the surface merely acts by altering the superficial 
density, and that this will vary according as the 
body IS of a greater or less density previous to 
the alteration of its surface by rougnening.f 

* Leslie, On Heat, p. 81, &o. 

t Melloni, " On Emissive Power of Bodies," &c., Comptss 
JUndui de VAetMmis des Sci&ncM, and Minhurgh Philowphicttl 
JauTfkUf 1838. 
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(241.) It vras deduced from experiments by 
Leslie that the absorptive power of bodies for heat 
was very nearly proportional to the radiative 
power;* and Dr. Kitchie has subsequently 
proved that these effects are precisely equal to 
each other.f 

(242.^ The velocity with which heat enters into 
and quits any body is supposed to be equal, 
though this velocity is different for each different 
body. On this property of bodies with regard to 
heat many of the experiments have been founded 
which constitute the laws of heat. It has also 
been established, by the experiments of MM. 
Melloni and Nobili, that the radiating powers of 
surfaces^ for simple heat^ are in the inverse order of 
their conducting powers. It follows, therefore, that 
neither the radiating powers nor the conducting 
powers of bodies will discover their actual rate of 
cooling comparatively with any other body. 

(243.) We might be led to conclude, from all 
that precedes, that those metals which are the 
worst conductors would be the most proper for 
vessels or pipes for radiating heat ; because we 
find that the neat lost by contact of the air is the 
same for all bodies, while those which radiate 
mosty or are the worst conductors, give out more 
heat in the same time than those bodies which 
radiate least, or are good conductors. Such would 
be the case if the vessels were infinitely thin ; but, 
as this is not possible, the slow conducting power 
of the metal opposes an insuperable obstacle to 
the rapid coolmg of any liquid contained within 
it, by preventing the exterior surface from reach- 
ing so high a temperature as would that of a 
more perfectly conducting metal, under similar 
circumstances ; thus preventing the loss of heat, 

♦ Leslie, On Heat, ^c., pp. 19—98. 

f Journal of the Bayal Itutitutum, yol. v., p. 305. 
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both by contact of the air and by radiation, the 
effect of both being proportional to the excess of 
heat of the exterior surface of the heated body. 
If a leaden vessel were infinitely thin, the liquid 
contained in it would cool sooner than in a sinular 
vessel of copper, brass, or iron : but the greater 
the thickness of the metal, the more apparent 
becomes the deviation from this rule ; and, as the 
vessels for containing water must always have 
some considerable thickness, those metals which 
are the worst conductors will oppose the greatest 
resistance to the cooling of the contained liquid, 
although apparently in opposition to the result of 
the preceding experiments. ' 

It is difficult on these grounds to account for 
the effect which lead-paint has in preventing the 
free radiation of caloric from bodies coated with 
it; because, in this case, the lead must be ex- 
tremely thin, and ought, therefore, to increase 
the amount of radiation. The effect probably 
arises from the total change of state which the 
lead undergoes by its chemical combination with 
the carbonic acid, in the process of making it 
into white lead. Practically, it is found to have 
an injurious tendency on the free radiation of 
heat irom most bodies, varying, however, with 
their radiating powers. On a good radiator, its 
effects is the most injurious ;' on a bad one, less 
so: but its use should be avoided as much aa 
possible in all cases where the free radiation of 
heat is the object in view. 

(244.) Various experiments have been made by 
Richmann, Ingenhausz, and Dr. Uure, to ascer- 
tain the conducting power of metals. Dr. Ure's 
results, which differ but little from the others, 
place the metals in the following order as regards 
their conducting power namely — silver he roimd 
by far the best conductor ; next copper ; and then 
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brass, tin, and wrought iron, nearly equal ; then 
cast iron and zinc ; and lead. he found by far the 
worst of all.* 

(245.^ The only accurate exjjeriments, however, 
which nave been made on this subject are those 
by M. Despretz,t which give the following re- 
sults : — 

Table IX. 
Gold . 100-0 Tin ... 30-39 

Platina . 9810 Lead 17*96 

Silver . 97-30 Marble . 2-36 

Copper . . . 89-82 Porcelain . . 1-22 

Iron . . 37-43 Fire-bric^ . 114 

Zino . . . 36-30 

This Table gives a very useful practical enun- 
ciation of the value of different substances as con- 
ductors of heat. But to ascertain the absolute 
conducting power of the various substances is 
extremely difficult ; the preceding Table obviously 
only shows their relative conducting powers. Ex- 
periments, however, have been made on the 
absolute conducting powers of some substances, 
which are of considerable practical value, although 
they leave much yet to be desired. 

(246.) M. Biot ascertained the conducting power 
of a bar of iron, by plunging one end of it into a 
bowl of mercury heated to 102^** Centigrade (216^ 
Fahrenheit), and ranging along the bar eight 
thermometers at various distances from each other. 
The observations were made after the temperature 
became permanent ; the air during the experiment 
was 16r Centigrade (61° Fahrenheit), and the 
results were as follow : — 

♦ Ure*8 Dictionary of Chemistry, Art. " Caloric." 
t Despretz, I^attS de Physique^ p. 201 ; and Quarterly Journal 
of Science, vol. xxv., p. 220. Professor Daniel ( Chemical Philo- 
eophy, p. 107) places platina mnoh lower in the soale than 
M. DespretB. See also exi^riments by Calvert, Froceedinp of 
Eoyal Society, vol. ix., p. 170 (for March, 1868). 
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Table X. 





Distance 


Excess of 


Distance 


Excess of 


No. of 


from 


Temperature 


from 


Temperature 


Thermometer. 


Mercury, 


aboTe the Air, 


Mercury, 


aboTe the Air, 




Decimeters. 


Centigrade. 


Inches. 


Fahrenheit. 








86-26* 





166' 


1 


2116 


29-376 


8-326 


63 


2 


3116 


17-6 


12-263 


31i 


3 


4009 


11-26 


16-783 


20 


4 


4-970 


7-1876 


19-666 


13 


5 


6-902 


4-6876 


23-236 


8 


6 


7-777 


21876 


30-618 


4 


7 


9-671 


1-26 


38074 


2 


8 


11-656 


Insensible. 


46-496 


Insensible . 



In this Table, the first column gives the num- 
bers of the thermometers in their regular order ; 
the second column gives the distance of each 
thermometer fi:om the source of heat, viz., the bowl 
of mercury ; and the third column gives the excess 
of temperature of the thermometers above that 
of the atmosphere, measured by the Centigrade 
scale. The fourth and fifth columns are the same 
as the second and third, only the measures are 
given according to the English scales, instead of 
the French. 

(247.) A similar experiment,* in which the 
source of heat was melted lead, is given in the 
following Table. The temperature of the air was 
18-125^ Centigrade (64i^ Fahrenheit), and that of 
the iron bar was not taken until it nad been ex- 
posed to the heat of the lead for several hours, in 
order to ensure permanence of temperature. 

(248.) A third experiment, also by M. Biot, was 
made with a bar of copper, plunged at one extre- 

* For these experiments, see Blot's Traiti de Physique^ tome 
iv., p. 670, et seq. Also, Reports, British Scientific Auociation^ 
vol. X. (1841), p. 16, et seq. 
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Table XI. 





Dktftnce 


Exoeuof 


Distance 


Exceesof 


No. of 


from 


Temperature 


nt>m 


Temperature 


Tlxermometer. 


Eztremity, 


above the Air, 


Extremity, 


aboTO the Air, 




Deeimeten. 


Centigrade. 


Inohee. 


Fahrenheit. 


1 


2-230 


76-875'» 


8-78 


138-37* 


2 


3-230 


47-187 


12-71 


84-93 


3 


4120 


29-376 


16-22 


52-87 


4 


5081 


17-812 


20-00 


3206 


5 


6028 


10-625 


23-73 


1912 


6 


7-899 


3-750 


3109 


6-75 


7 


9-783 


1-562 


38-51 


2-73 



ndty into melted lead. It had fourteen thermo- 
meters ranged along it, of which, however, only 
eleven were available. The unit of distance was 
101 millimeters,* and the temperature of the air 
was 16-75** Centigrade (60i^ Fahrenheit). 
(249.) Some experiments by M. I)espretz,f 

Tablb xn. 





Distance 


Ezoees of 


Distance 


Excess of 


No. of 


from 


Temperature 


from 


Temperature 


Thermometer. 


Extremity. 


above the Air, 


Eztremityi 


aboTC the Air, 




DeoimeterB. 


Centigrade. 


Inches. 


Fahrenheit. 


4 


5-25 


80-50** 


20-87 


144-9^ 


5 


6-25 


65-75 


24-85 


118-3 


6 


7-25 


53-75 


28-82 


96-7 


7 


8-25 


43-75 


82-80 


78-7 


8 


9-25 


35-50 


36-77 


63-9 


9 


11-25 


2400 


44-73 


43-2 


10 


13-25 


15-70 


52-68 


28-2 


11 


15-25 


11-00 


60-63 


19-8 


12 


17-25 


7-50 


68-58 


13*5 


18 


19-25 


5-25 


76-53 


9-4 


14 


21-25 


3-75 


84-49 


6-7 



* The millimeter is -03937 of an inch English measure, 
and therefore the 101 miUimeters are equal to 3*97637 inches, 
t Train de Physique^ par M. Despretz. 
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similar to the preceding, and extending also to 
other substances, are contained in the following 
Table. In these experiments the distance between 
each of the consecutive thermometers was 10 cen- 
timeters (3*937 inches English), and the tempera- 
tures are given by the Centigrade scale. 

Table XTTT. 



BxoeMof 


No. of tfa« Thermometen. 




Tempeimtttre above 




€i 


the Air, 














tht Air, 


Centigrade Scale. 


1 


2 


3 


4 


6 


6 


Centigrade. 


Copper . . 


66-36 46-28 


32-62 


24-32 18-63 


1618 


17-08 


Iron . . . 


62-9 


36-69 


20-62 


12-32 8-19 


6-61 


17-34 


Pewter . . 


63*41 


3617 


21-62 


16-62! — 


— 


17-34 


Zinc . • • 


64-17 


38-02 


26-43 


17-93 


— 


.^ 


6-62 


Lead . . . 


6613 


29-42 


14-93 


9-99 


— 


— 


1712 


Marble . . 


63-91 


6-08 


1-95 


1-47 


— 


— 


17-15 



In all these experiments the substances were 
exposed to the cooling influence of the air. In 
Mr. Kelland's Report on the Laws of Conduction of 
Heaty made to the British Scientific Association 
(vol. X.), the mathematical formulae of MM. 
Fourier, Libri, Poisson, and others, are given at 
considerable length, for estimating the conducting 
powers for heat ; but they are not suitable for 
msertion here. 

(250.) Experiments on the same plan as the 

S receding were made by MM. Delarive and Con- 
olle on the conducting power of wood : the re- 
sults are given in the following Table.* They 
show the difference in conducting power, accord- 
ing to the direction of the fibre. The bars of 
wood were about five inches long, one and a half 
inch broad, and one inch thick. The first ther- 
mometer was three centimeters (one and one- 

* Ann. i$ Chimiey vol. xl., p. 91 ; and QuarUrly Journal of 
Science^ vol. xxvii., p. 188. 
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eighth inch English) from the end; and the others 
were two centimeters (three-quarters of an inch 
English) apart from each other. The tempera- 
tures given are the excess above the atmosphere, 
at the respective distances from the heated end. 



Table XIV. 



Names of the Woods. 



No. of Thermometen, Centigrade Scale. 



Walnut 
Oak . 
Fir . 
Poplar 

Walnut 
Oak . 
Fir . 
Poplar 




8013 
81-7 
84-0 
79-8 

99-5 
79-3 
70-9 
78-5 



430 
41-2 
39-25 
34-2 

37-43 
22-75 
13-8 
13-75 



19-63 
17-5 
20-6 
14-2 

13-9 
7-5 
4-5 
3-44 



9-19 
7-2 
8-5 
6-2 

60 
3-6 
2.5 
1-56 



518 
3-7 
3-7 
2-8 

3*25 
2-4 
1-9 
1-0 



(251.) Fluids, both in the liquid and aeriform 
state, are bad conductors of heat, unless they have 
perfect freedom of motion, in which case they 
become far better conductors than solids, on 
account of the extreme mobility of their particles,* 
Water,, under these circumstances, is a £ar better 
conductor of heat than any of the metals (except 
mercury); and air, particularly when cnarged 
with moisture, is also an excellent conductor, 
under like circumstances. Count Rumford made 
some experiments to ascertain the cooling power 
.of different fluids, based upon the principle that 
their conducting power and absorbing power are 
equal, f The mode of operating was to enclose a 

* la ssrifonu fluids, radiant heat is transmitted with 
extreme rapidity without any visible motion of the particles ; 
but this is a very different case to that stated in the text. 

t Bomford's .Euays, toI. ii., p. 425. 
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thermometer in a glass balloon filled with the par- 
ticular substance of which the conducting power 
was to be ascertained; and to place it first in 
freezing water, and then plunge it into boiling 
water. The respective times required to raise the 
thermometer from 0* to 70* R^umur were sup- 
posed to indicate the conducting powers of the 
different substances, which woula therefore be 
their coolingpowers upon any heated body placed 
in them. The following Table shows the results 
of these experiments, the times being given in 
minutes and seconds. 

Tablb XV. 



Snbitaiioet. 


Times of GooJing. 


Batioof 

Gondactiiig 

Power. 


Mercury 

MoistAir 

Water 

Common Air .... 

Barefied Air, density ^ . 

Do. do. A. 

Torricellian Y acuum • 


(r-36" 

r-36" 
r-37" 
r-6i» 


1000 
330 
313 

80-41 

80-23 

78 

55 



These experiments; however, are by no means 
conclusiye ; and there is every reason to believe 
that, by varying the method of the experiment, 
a vast difference would be found in the results. 
The glass balloon which surrounded the ther- 
mometer was only one inch and a half diameter, 
the thermometer itself being half an inch dia- 
meter. This space was far too smaU to allow a 
free and rapid motion among the particles of the 
various media which were the subject of experi- 
ment ; and therefore the conducting powers oi the 
liquids, which have less facility of motion among 
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their particles than the aeriform fluids; appear far 
less than they really are. Dr. Osborne ascertained 
the refrigerating power of water compared with 
air of the same temperature to be as 14 to 1,* 
while Rumford's experiments show it to be less 
than four to one : but there is reason to believe 
that, when due provision is made for allowing 
perfect mobility among the particles of water, the 
cooling power of water will oe very much greater 
than the amount even which is stated by Dr. 
Osborne ;t and Leslie states that water at the 
boiling-point conducts heat five times more ra- 
pidly than the same fluid when near the freezing- 
point.J 

(252.) The power of reflection in all bodies is 
inversely as tneir radiating power, as was ex- 
perimentally determined b}^ Le8lie.§ The follow- 
ing Table snows the reflective power of different 
substances. 

* BaporUof the British Soientifie Assoeiaium, Yol. iy. (1835), 
p. 96. 

f Some experiments of the author led him to conclude that 
the conducting power of boiling water, compared with air, was 
fully double the amount statea by Dr. Osborne; and these 
agreed so well with the experiments of Mr. Parkes, already 
quoted (Art. 78, note), that the author was induced to adopt 
the proportion of 28 to 1 as the cooling power of water and air, 
in an extensiye and peculiar apparatus which required the 
cooling powers of these media to oe properly adjusted. The 
result has proved that the cooling power of water is fully 
equal to this estimate ; but it is probable that the relative 
conducting power varies with the temperature of the heated 
body. For unless the temperature be sufficiently high to five 
free motion to the partides of water, the cooling power wiU be 
reduced ; while the same difference can scarcely occur in the 
air, in consequence of the extreme mobility of the particles. 
The diminished adhesion of liquids by increased temperature 
has been experimentally determined by Dr. Tire. (See 
Art. 264.) 

X Leslie, On Heat and Moisture, p. 17. 

§ Leslie, On Heat, pp. 20 and dS. 
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Table XVI. 



Brass . 

Silver . 
Tinfofl . 
Block Tin 
Steel . 



100 
90 
85 
80 
70 



Lead .... 60 
Tinfoil softened by Mer- 
cury. ... 10 
Glass .... 10 
Glass coated with Wax d 



(253.) The specific heat of different substances 
is a subject of considerable importance, as con* 
nected with the heating of buildings ; for on the 
theory of specific heat is based many of the cal- 
culations for ascertaining the proportions of the 
various apparatus employed. 

(254.) Every substance contains a certain dis- 
tinctive quantity of heat, called the specific heat 
of that particular body, which can be ascertained 
by mixing together (with proper precautions) 
known quantities of different substances. Thus, 
if a certain weight of quicksilver, one pound for 
instance, of the temperature of 40®, be mixed 
with the same weight of water, of the temperature 
of 156% the resulting temperature will be 1523'* ; 
so that the water will lose 3*7'* of temperature, and 
the quicksilver will be raised 112*3^ Or, if a 
pound of water at 100'' be mixed with a pound of 
oil at 50®, the resulting temperature will be 83-5®, 
and not 75®, which would be the mean tempera- 
ture of the two. Thus it appears that the same 
quantity of heat that will raise a pound of water 
1® will raise the temperature of a pound of oil 2®,. 
or a poimd of mercury 23® ; and so of other sub- 
stances, which all possess a capacity for caloric, 
each peculiar to itself. The following Table 
shows the specific heat of some of the principal 
substances which have been ascertained, chiefly 
firom the experiments of Berard and Delaroche, 
and Petit and Dulong. They are all refeired to 
water, as the standard, and are supposed to be 
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Table XVll. 




. 1-0000 


Oxygen . 


. 0-2361 


xt . 0-8470 


Oarbonic Acid . 


. 0-2210 


. 0-7000 


Carbonic Ozide 


. 0-2884 


. 0-6600 


Oharcoal . 


. 0-2631 


. 0-5200 


Sulphur . 


. 0-1850 


. 0-2660 


Iron (wrought) 


. 0-1100 


. 8-2936 


Mercury . 


. 0-0330 


. 0-2764 


Platinum 


. 00314 


) . 0-2369 


Gold 


. 0-0298 



the quantity of heat contained in equal weights of 
the several substances.* 

Water 

Aqueous vapour 

Alcohol . 

Ether . 

Oil . 

Air. 

Hydrogen 

Azote 

Oxide of Azote 

(255.) It has, however, been much questioned 
whether the several substances possess the same 
capacity for heat at all temperatures ; and MM. 
Petit and Dulong, as also Dr. Dalton, appear to 
have established the fact that the capacity for 
heat of every substance increases with the tem- 
perature ; or, in other words, that the quantity 
of heat given out by any body, in cooling a given 
number of degrees, is greater at high tempera- 
tures than at low temperatures. The following 
Table exhibits the specific heat of several bodies 
between the temperatures of 0"* and 100**, and also 
between 0° and 300** of Centigrade. 

Table XVIII. 





Mean Capacity 


Mean Capacity 


SubsUneML 


between 0** and lOQo 


between 0» and 300«» 




Centigrade. 


Centigrade^ 


Iron .... 


•1098 


-1218 


Mercury 








-0830 


•0350 


2iinc 








•0927 


•1015 


Antimony 








-0/S07 


-0549 


SQver 








•0557 


-0611 


Copper 








-0949 


-1013 


Platinum 








-0335 


•0355 


Glasa 








•1770 


•1900 



* A further Hat wiU be found in Table Y., Appendix. 
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(266.) But independent of the sensible heat of 
bodies as ascertained by direct measurement, 
when any change of state occurs, as from the 
solid to the liquid, and from the liquid to the 
seriform, or vice versdj certain quantities of heat 
enter into or quit the respective substances, 
which, not being directly measurable by the 
thermometer, have been termed latent heat Ice 
at 32** requires 140** of heat to enter into com- 
bination with it before it assumes the liquid 
state; and it then becomes water, though still 
only at the temperature of 32**. And water at 
212** requires 1000** degrees of heat to enter into 
combination with it before it assumes the state of 
steam, though in the latter state it still only 
shows a thermometric temperature of 212*^. The 
following Table gives the quantity of heat ren- 
dered latent when certain soUds assume the liquid 
state and certain liquids assume the state of 
vapours: the degrees are those of Fahrenheit's 
thermometer. 

Table XIX. 

TABLE OF LATENT HEAT.** 



Of Liquid*: by Dr. IrWne. 


Of Vapoun : by Dr. Ura. 


Water . 


. 140° 


Vapour of Water at 212^ 1000** 


Sulphur . 


. 143-7 


„ Alcohol . 467 


Spermaoeti 


145 


„ Ether . 312-9 


Lead 


. 162 


„ OilofTurp. 183-8 
„ Nitrio Acid 660 


Bees'-waz 


176 


Zinc 


. 493 


,, Ammonia . 866-9 


Tin 


600 


„ Vineffar . 903 
„ Petr^eum 183-8 


Bismuth 


. 660 



(267.) Many important facts arise from the 
theory of latent heat. One of the most important, 
in regard to the arts, is the peculiar properties of 

♦ Dr. Ure'e Dictionary of Chemistry, Art " Caloric." 



PHENOMENA OF HEAT. 241 

steam. But without entering at any length into 
this important and extensive subject, it may be 
observed that experiments have clearly proved 
that at all temperatures and pressures steam con- 
tains exactly the same absolute quantity of heat. 
For while, under increased pressure, steam can be 
made to exhibit almost any thermometric tem- 
perature, the latent heat of high-pressure steam 
always decreases exactly in the same ratio as its 
sensible heat increases, so that its latent and 
sensible heat together always amount to 1180* 
above the freezing point of water. Thus a cer- 
tain weight of steam at 212, when condensed into 
water at 32"*, gives out 

Sensible Heat . * . 180'' 
Latent Heat . . 1000 

1180 



And the same weight at 400**, when condensed 
into water at 32**, gives out 

Sensible Heat . . . 368'' 
Latent Heat ... 812 



1180 



The same holds good with steam at all other tem- 
peratures, and extends from 212** to the highest 
range of steam pressures. 

(258.) The phenomena of spontaneous evapora- 
tion presents some important facts connected with 
the subjects of our present inquiry. To Dr. Dalton 
we owe much of the knowledge which we possess 
of the laws that govern the vaporization of hquids; 
and his numerous experiments on the subject rank 
among the most valuable contributions to science. 
Evaporation is distinguished from ebullition by 
this circumstance ; — that during the latter pheno- 
menon, the liquid which is converted into vapour 

R 
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maintains an invariable temperature, provided the 
pressure upon it do not change ; while, with the 
former, the temperature is constantly subject to 
change, the quantity of liquid evaporated being 
proportional to the temperature and to the sur&ce 
exposed. Evaporation is wholly independent of 
the pressure of the air, and is the same in a 
vacuum, in the natural atmosphere, or in a con- 
densed mediimi : but this is only true as regards 
the absolute quantitrv which can exist in a given 
space, for the air is found greatly to impede eva- 
poration, by its inertia opposing a mechanical ob- 
struction, and thereby retarding the time required 
for the operation, when such obstruction does exist. 
In a vacuum, the evaporation is almost instanta- 
neous ; but, in a space containing air, the time re- 
quired for the evaporation of the maximum quantity 
of vapour is longer in proportion to the density of 
the air, though ultimately the quantity is the same.* 
(259.) The quantity of liquid discharged into 
free space by spontaneous evaporation is, under 
these circumstances, much influenced by the 
motion of the air, which thus carries off the suc- 
cessive strata of vapour that rise from the liquid, 
a very strong wind causing about twice as much 
vapour to be discharged as a still atmosphere. 
Dr. Dalton's experiments enable us to estimate the 
evaporating force under all circumstances. He 
ascertained that from a circular vessel of six inches 

* Professor DanieU made some experiments on tliis subject, 
by wbidi be -was led to oondude tbat ^< the amount of eyapora- 
tion is eaUris paribus in exact inverse proportion to tbe elas- 
ticiiy of the incumbent air ". ( Quarterly Journal of Science, vol. 
xvii., p. 52). This remark, howerer, applies only to the rate 
of evaporation, and not to the quantity which can exist in a 
given space. Even from ice, the evaporation is very consider* 
able ; and some experiments of M. Schuebler show, that during 
the very coldest weather, the spontaneous evaporation of ice 
in the open air is sometimes nearly l-40th of an inch in depth 
from each square foot of surface eveiy 24 hours. — Quarterly 
Journal of Science, vol. xxvii., p. 187. 
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in dianieter, kept at the temperature of 212% the 
quantity of water evaporated was 120 grains per 
minute in a still atmosphere, 154 grains per minute 
with gentle motion of the air, and 189 grains per 
minute with a brisk motion of the air. The tem- 
perature of the air does not influence the evapora- 
tion ; and he found that, at any other temperature 
of the water, the evaporation was exactly pro- 
portional to the elastic force of the vapour at that 
temperature. 

The following Table was constructed by Dr. 
Dalton from his experiments : — 

Table XX. 
Showing the force of Vapour and the f\ill Evaporating Force for 
every Temperature, from 20° to 212° Fahrenheit, expressed 
in grains a£ water, that would be raised per minuU^ from 
a vessel six inches in diameter, supposing there were no 
vapour already in the atmosphere. 



1^ 


Force 


inOnina. 


1^ 




BTAporating Forae 
inOnunB. 


8 *^ 


of 
Vaponr 










1 S" 
Vftponr 




& J 








s ^ 








|2 




Stfll. 


Gentle. 


BriBk. 




stm. 


G«atle. 


Brisk. 


20° 


•129 


•52 


•67 


•82 


68° 


1 -676 


270 


347 


4-24 


22 


•139 


•56 


•71 


•88 


70 


•721 


2^88 


3-70 


4-53 


24 


•160 


•60 


•77 


•94 


72 


•770 


308 


396. 


4-84 


26 


•162 


•66 


•82 


102 


74 


•823 


3*29 


4-23 


517 


28 


•174 


•70 


•90 


110 


76 


•880 


352 


4-52 


5-53 


30 


•186 


•74 


•96 


117 


78 


•940 


3^76 


4-83 


5-91 


32 


•200 


•80 


ro3 


1-26 


80 


1000 


4-00 


5-14 


6-29 


34 


•214 


•86 


111 


1-36 


82 


107 


4-28 


5-50 


6-73 


36 


•229 


•92 


1-18 


1-46 


85 


M7 


4-68 


607 


7^46 


38 


•245 


•98 


1^26 


164 


90 


1-86 


544 


6-98 


8-56 


40 


•263 


105 


1-36 


1^66 


95 


1-68 


6-32 


811 


9^95 


42 


•283 


113 


1^45 


1^78 


100 


r86 


7-44 


9-54 


1171 


44 


•305 


1^22 


167 


1-92 


HO 


263 


10-12 


12-98 


16-93 1 


46 


•327 


1^31 


1-68 


2^06 


120 


3-33 


13-32 


17-09 


20-97 


48 


•851 


140 


180 


2'20 


130 


4-34 


17-36 


22-27 


27-34 


60 


•375 


1^50 


1-92 


2-36 


140 


574 


22-96 


2946 


36-16 


52 


•401 


1-60 


2^06 


2-51 


160 


742 


29-68 


38^08 


46-74 


54 


•429 


1-71 


2-20 


2^69 


160 


9-46 


37^84 


48-56 


59-69 


56 


•468 


r83 


236 


2-88 


170 


12-13 


48-52 


62-26 


76-41 


58 


•490 


1-96 


2-62 


308 


180 


1616 


60-60 


77-77 


9544 


60 


•624 


2^10 


2-70 


3-30 


190 


19-00 


76-00 


97-53 


119-7 


62 


•560 


2-24 


2-88 


3^52 


200 1 


23-64 


94-56 


121-35 


148-9 


64 


•597 


239 


307 


3-76 


210 1 


28-84 


116-36 


148-04 


181-6 


66 


•635 


254 


327 


3-99 


212 1 


30^ 


120- 


154^ 


189- 
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In this table,* the first column gives the tempe- 
rature of the water ; the second, the elastic force 
of the vapour at that temperature ; and the third, 
fourth, and fifth columns show the number of 
grains' weight of water evaporated per minute, 
&om a vessel six inches diameter (or 28*274 square 
inches, equal to "196 of a square foot), when the 
air is still, or in gentle or in brisk motion re- 
spectively. 

(260.) In order to know exactly the quantity of 
vapour that will be evaporated per minute, we 
must know the quantity which already exists in 
the atmosphere. For this purpose we must find 
the dew-point of the air, — ^that is, the temperature 
at which the vapour in the air just begins to con- 
dense.f By referring to the Table we shall then 
find the quantity of vapour in the air at that time; 
and this, deducted fi:om the quantity shown by the 
Table to be given off at the ascertained tempera- 
ture of the evaporating liquid, will give the exact 
quantity of water that will be evaporated per 
minute. Thus, suppose the dew-point of the air 
to be 48**, and the temperature of the air and of 
the evaporating liquid to be 70**, with a still atmo- 
sphere : the vapour in the air, as shown by the 
Table, at the temperature of 48% is 1-4 grains; 
which, subtracted fi:om that at 70**, viz., 2*88 grains, 

* See Dr. Dalton's experiments, Memoirs of the Manchester 
Philosophical Society^ vol. v., p. 579, et seq. The Table given 
by Dr. Dalton only extends to the temperature of 85°; the 
temperatures above that are calculated mm, his data. 

t Dr. Dalton used for this purpose a very thin glass vessel, 
into which he poured cold water, and noted the temperature. 
If the vapour was instantly condensed, he poured out this 
water and applied some a little warmer, and so on, until he 
obtained the proper temperature at which he could just perceive 
a slight dew deposited on the glass. This temperature then 
was the dew-point. DanieU's Hygrometer is a much more 
elegant instrument, but more difficult to manage. See 
DanieU's " Chemistry," art. " Hygrometer." 
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gives 1'48 grains per minute for the quantity of 
vapour given off from a surface of six inches 
diameter. 

It will be observed, that if the temperature of 
the air be lower than the temperature of the eva- 
porating fluid, the vapour will again condense; 
but the rapidity of this condensation will depend 
upon the relative temperatures, and the quantity 
of moisture contained m the air. 

(261.) The heat and cold caused by the con- 
densation and rarefection of the air produce 
important effects, both in natural phenomena, 
and in the mechanical application of this agent in 
the arts. When the air is partially exhausted in 
a receiver enclosing a thermometer, the tempera- 
ture sinks very considerably ; but if the air be 
again suddenly admitted to the original pressure, 
the temperature rises considerably higher than in 
the first instance. The reverse of this occurs 
when the air is first condensed, and then allowed 
to resume the original pressure; in which case 
the temperature sinks considerably lower on the 
original pressure being restored, than the ther- 
mometer indicated before the condensation.* 

This result, however, appears to be produced 
by an unavoidable impertection in the experi- 
ment. For the vessel that contains the air com- 
mimicates its heat in the one case, and abstracts 
it in the other, which causes the apparent differ- 
ence; and this difference is therefore dependent 
upon the rapidity of the operation, thereby allow- 
ing more or less time for the interchange of heat 
between the air and the vessel containing it. 

In Dr. Dalton's experiments,t the thermometer 
which sank 2** on rarefying the air rose 4** on 

* Manchester MemcirSy vol. v., p. 515 ; and NiehoUon^i 
Jowmdly vol. ill., p. 160. 
t lUd. 
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again allowing it suddenly to resume its original 
pressure. When the air was first condensed and 
then suddenly allowed to resume its original 
pressure, the thermometer rose 2^ on the Qonden- 
sation, and then sank 3^^ on diminishing the 
pressure suddenly to its original amount. These 
mequalities, however, although an accompani- 
ment of the experiment, are not due to the 
mechanical expansion or condensation of the air ; 
and the results will vary with every alteration in 
the condition of the containing vessel, and of the 
quantity of air. 

(262.) Professor Leslie investigated this sub- 
ject, both experimentally and theoretically, and 
he found that the quantity of heat evolved imder 
these circumstances was very great; but as the 
specific heat of air increases as its density di- 
minishes, only a small portion of the heat thus 
produced becomes appreciable. When air of the 
following densities is restored to its original pres- 
sure, represented by 1, the heat evolved is ba 
follows : — 

Tablk XXI. 



Density of the 


Heat Evolved 
(FalixeBheit}. 


Density of the 
Air. 


Heat Evolved 
(Fahrenheit). 


10 
0-8 
0-6 


0** 
20-6 
48* 


0-4 
0-2 
00008 


94-6^ 
216- 
18500- 



This evolution of heat he considered to be 
owing to the diminution of the specific heat of 
the air by condensation. When air was con- 
densed so as to double its density, the mathe- 
matical formula which he constructed from his 
experiments showed that the sensible heat which 
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would be evolved would be equal to 67'5® Fahren- 
heit.* 

(263.) Mr. Ivory also investigated the mathe- 
matical law of the heat produced under these 
circumstances ;"!• and he found *Hhat the heat 
extricated from air, when it undergoes a given 
condensation, is equal to three-eighths of the 
diminution of temperature required to produce 
the same condensation, the pressure being con- 
stant." Air, imder a constant pressure, di- 
minishes l-480th of its volume for every degree 
of depression of Fahrenheit's scale ; and ther^ore 
1*" ot heat will be extricated from air when it 
undergoes a condensation equal to «iv x § = jhs- 
If a mass of air were suddenly reduced to half its 
bulk, the heat evolved would be 4 -r rii? = 90*. J 
M. Despretz made some experiments to ascertain 
whether water evolved heat when subjected to 
great pressure ; and he found that a compressive 
force equal to 20 atmospheres, caused the dis- 
engagement of only one sixty-sixth part of a 
degree of heat.§ This result might reasonably 
be expected from the small degree of compression 
to which water can be subjected. 

(264.) Dr. Ure instituteii some experiments to 
ascertain the influence which heat had in increas- 
ing the fluency of various liquids ; and he found 
in all cases a great increase in the velocity of 
their efflux through a given aperture, by raising 
their temperature. In some kquids of a viscid 
nature, the increase appears to be very great. 
Such, for instance, is the case with some kinds of 

♦ Dr. Thomson " On Heat and Electricity," p. 126, et seq. 

f Fhtlasophical MagcMine (Second Series), yol. i., p. 89 ; and 
Quarterly Journal of Science^ vol. xxiii., p. 228. 

t Ihid. 

§ Quarterly Journal of Sdenee^ vol. xxiv., p. 20. 
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oil, which, by raising their temperature firom 65** 
to 254**, haa their velocity of efflux increased 
nearly six times. With those which were less 
viscia, the increase was less. Water, by having 
its temperatiu*e raised from 60** to 164**, had its 
velocity increased about one-sixth.* These re- 
sults are wholly independent of any eflfect from 
alterations of pressure, but appear to arise from 
the particles of the fluids possessing less adhe- 
siveness among themselves by the increased tem- 
perature. 

(265.) The effects of heat in producing varia- 
tions in the strength of materials is a subject 
which has received but little attention ; and with 
the exception of some experiments made by the 
Franklin Institute of I^ennsylvania, on the 
strength of iron and copper, little appears to be 
known. By these experiments f the maximum 
strength of wrought iron, estimated by its resist- 
ance to a longitudinal strain, was obtained by 
heating the iron to 672** Fahrenheit; at which 
temperature the strength is 15*17 per cent, 
greater than at the ordinary mean temperature 
of the air. The rule deduced for the strength of 
iron at high temperatures is, that " the thirteenth 
power of the temperature above 80** Fahrenheit is 
proportionate to the fifth power of the diminution 
from the maximum tenacity." And it appears 
that, at the temperature of about 1050**, iron loses 
about one-half of its maximum strength ; at 1240** 
it loses about two-thirds; and at 1317** seven- 
tenths of its maximum tenacity is overcome. 

The following Table shows the diminution of 

♦ JReports of the British Seientifie Association^ vol. viii., p. 23. 
(See also Art. 251.) 

f " Eeport on the Explosion of Steam Boilers, by a Com- 
mittee of the Institute;'* Journal of the Franklin Institute^ 
YoLs. zix. and xx. 
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tenacity at various temperatures. The maximum 
tenacity- of the fourth column is a calculated 
amount, obtained by adding 15 '17 per cent, to 
the strength of the metal when tried cold. The 
seventh column shows that the mean irregularity 
of structure is 10 per cent, of the strength when 
tried cold. 

Table XXTT. 



I 



^ 



1 



-oi 







1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



520' 

670 

596 

600 

630 

662 

722 

732 

734 

766 

770 

824 

932 

947 

1030 

1111 

1155 

1159 

1187 

1237 

1245 

1317 



58451 
60398 
57682 
56938 
60010 
58182 
54442 
53378 
57903 
54819 
54781 
55892 
45531 
42401 
37587 
27603 
21967 
25620 
21913 
21298 
20703 
18913 



63267 
66146 
63386 
63086 
67033 
65785 
64483 
62736 
68407 
65176 
65445 
70080 
68202 
66193 
68071 
61531 
54992 
64234 
60102 
63065 
63065 
63065 



ezpenment 

calculatioii 

experiment 

calculation 
experiment 
calculation 
experiment 
calculation 



experiment 
calculation 



■0761 
•0869 
-0899 
-0964 
-1047 
■1155 
■1436 
1491 
■1535 
1589 
1627 
'2010 
•3324 
■3593 
•4478 
•5514 
■6000 
•6011 
•6352 
•6622 
•6715 
•7001 



•0992 
•1125 
•2401 
•2401 
•1440 
•0644 
•0507 
•1310 
•0644 
•1563 
•0234 
•0413 
•0413 
•0446 
•0460 
•0330 
•0330 
•1102 
•0330 
•1147 
•0347 
•1147 



(266.) In the experiments made with copper, at 
various temperatures, the Committee found that, 
imlike iron^ the maximum strength of copper was 
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at a yery low temperature ; and that it increaaed 
in strength at every reduction of temperatore 
down to 32^9 which was the lowest at which they 
could try it. The mean strength of copper at 
ordinary temperatures was found to be 32,146 lbs. 
per s<][uare inch ; and the following Table exhibits 
the duninution of strength at hi^ temperatures. 
To obtain the actual temperature of eacn experi- 
ment, 32"* must be added to the temperatures 
giyen in the second column. 

tablb xxm. 



Number of the 


Tempentme abore 32** 


DimmatioiL from the 


Experiment. 


of Fahrenheit. 


Stzength at Sa"". 


1 


90^ 


•0176 


2 


180° 


•0540 


3 


270** 


•0926 


4 


360** 


•1613 


5 


450° 


•2046 


6 


460° 


•2133 


7 


613° 


•2446 


8 


629° 


•2668 


9 


660° 


•3426 


10 


769° 


•4398 


11 


812° 


•4944 


12 


880° 


•6681 


13 


984° 


•6691 


14 


1000° 


•6741 



(267.) The strength of cast iron at high tempe- 
ratures has not been €U3certained with the same 
accuracy. It has, however, been estimated that 
its TTiRTinrnm strength is at the temperature of 
about 300** Fahreimeit, which is considerably 
below that of wrought iron. 

(268.) The effects of heat, which have here 
been mentioned, are a few of the laws and pheno- 
mena of this important branch of science. They 
appear to be those which are most closely connected 
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with the subject of the present inquiry : but it must 
not be supposed that they are given as an epitome 
of the general laws of heat, ss the subject would 
be far too extensive for the present work. Many 
most important and interesting phenomena have 
therefore been entirely omitted ; but those which • 
are here mentioned, and others that are alluded 
to and interspersed in various parts of this trea- 
tise, appear to be all that are requisite for the 
illustration of the subject now before us, and will 
afford useful su^estions to those who wish to 
investigate the princij)les of heating buildings 
theoretically and scientifically, as well as to learn 
the mere practical details. 



CHAPTER XIL 

EXPEEIMENTS ON COOUNG. 

(269.) From what has been stated in the pre- 
ceding chapter, it is evident that the velocity 
with which a heated body cools depends upon 
various circumstances ; ana experiments are ne- 
cessary, in order to obtain data for the calcula- 
tions which the known laws of heat enable us 
afterwards to apply to the subject now under 
investigation. 

No experiments on cooling are extant, that 
appear to be suitable to the present purpose, 
except some that were made by Tredgold,* and 
these are erroneous in the application he has 
made of them. For he has neglected all con- 
siderations of the thickness of the body on which 
he experimented, and has therefore estimated 
that the rate of cooling of a very thin sheet-iron 
vessel, containing a heated fluid, is the same only 
as a cast-iron pipe, though the latter is fully six 
or eight times the thickness of the former. The 
same error also occurs in his experiments on the 
cooling of glass; and, consequently, his conclu- 
sions on the dispersion of heat, as applied to the 
warming of buildings, are erroneous to a con- 
siderable extent. Another source of error lies in 
his having estimated the quantity of water which 

♦ Tredgold " On Heating Buildings by Steam," &c. 
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the vessel contained at rather too large an amount, 
in allowing for the specific heat of the vessel ; 
which latter could not possibly have had quite 
the same temperature as the water, owing to loss 
by imperfect conduction, and to the cooling in- 
fluence to which it was exposed. The effect of 
each of these errors is to make the rate of disper- 
sion appear more rapid than the true velocity ; 
and the result is, that in some of the calculations 
founded on these experiments the errors amount 
to upwards of 16 per cent. 

(270.) To ascertain the velocity of cooling for a 
surface of cast-iron, a pipe thirty inches long, two 
inches and a half diameter internally, and three 
inches diameter externally, was used in the fol- 
lowing experiments. The. ends of the pipe were 
closed by corks which entered into the pipe one 
inch ana a half at each end ; and the bulb of a 
thermometer was inserted into the water about 
three inches from one end, the temperature of the 
water being the same in every part of the pipe. 
The exposed surface of the pipe (including the 
surface exposed by the thickness ot the metal at 
the ends) was 287*177 square inches. The quan- 
tity of water contained in it was 132-634 cubic 
inches ; and the equivalent to be added to this 
for the specific heat of the pipe is 39*341 cubic 
inches ; making the estimated quantity of water 
171*875 cubic inches.* The rates of cooling were 
tried with different states of the surface: first, 
when it was in the usual state of cast-iron pipes 
covered with the brown surface of protoxide of 
iron ; next, it was varnished black ; and finally, 

* In estimating the equivalent of water which was required 
to represent the specific heat of the pipe, the difference be- 
tween the external and internal temperatures necessarily re- 
quired an allowance to be made on account of the thickness of 
me pipe being considerable. This diminution of specific heat 
was estimated to be equal to a superficies of the pipe one^ 
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the varnish was scraped off, and the pipe was 
painted white with two coats of lead paint. The 
fbllowing Table shows the observed time of cool- 
ing, corrected and reduced to the same excess of 
temperature above the circumambient air. 

Table XXIV. 

TABI.B OF THE OCfOUSO OF IBOK. 

Temperature of Boom, 67°. Maximum Temperature of 
Thermometer, 152^ 



Thermometer 
Cooled 


Ruflty Surface. 


Black Vamiahed 
Suxfiue. 


White Surface. 


from 


to 


Oboarred 
Time. 


Oakm. 
lated 
Time. 


Obeerred 
Time. 


Galira. 
lated 
Time. 


ObMrved 
Time. 


Oeloa. 
lated 
Time. 


152** 

152 

152 

152 

152 

152 


150° 

148 

146 

144 

142 

140 


2' 80" 

5 

7 45 

10 15 

12 45 

15 


2' 21" 
4 44 
7 12 
9 44 
12 15 
15 


2' 16" 
4 38 
7 28 
9 45 
12 2 
14 32 


2' 16" 
4 36 
7 3 
9 27 
11 54 
14 32 


2' 19" 
4 53 

7 28 
10 13 
12 57 
15 22 


2' 24" 

4 51 

7 22 

9 57 

12 36 

15 22 



The ratios of ( Black Yamished Surface 
Cooling V are | Iron Surface .... 
therefore, ( White Painted Surfieu» 



Hinutei. 
. 1-21 
. 1-25 
. 1-28* 



These ratios are in the proportion of 100, 103-3, 
and 105-7; but as the relative heating eflfect is 
the inverse of the time of cooling, we shall find 
that 100 feet of varnished pipe, 103 J feet of plain 

sixteenth of an inch thick. The total equivalent of water 
which would represent the specific heat of the pipe, supposing 
it to be exactly of the same temperature as the water con- 
tained in it, would be 52*455 cubic inches ; from this must be 
deducted 13*114 cubic inches as above stated, leaving the 
equivalent specific heat of the pipe equal to 39*341 cubic 
inches of water, as stated in the text. 

* These ratios of cooHng, it will be observed, are for pi^ 
of three inches in diameter ; but the cooling of any other bubo 
can be calculated from the data here given. 
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iron pipe, or 105| feet of iron pipe painted white, 
will each produce an equal efltect. 

In these experiments, it might have been ex- 
pected to find greater differences between the 
effects of the various states of the surface, than 
appears really to obtain. The greatest difference 
only amounts to about 5| per cent., but it would 
probably be greater in proportion, with an in- 
creased thickness of the coatmg of paint. 

(271.) To ascertain the effect of glass windows 
in cooling the air of a room, the following experi- 
ments were made, with a vessel as nearly as pos- 
sible of the same thickness as ordinary window- 
glass. The temperature of the room, in these 
experiments, was 65° ; the thickness of the glass 
was '0825 of an inch : the surface of the vessel 
measured 34*296 square inches, and it contained 
0-794 cubic inches of water, including the equi- 
valent for the specific heat of the glass. The 
time in which this vessel cooled, when filled with 
hot water, is shown as follows : — 

Tablb XXV. 

TABIA OF THE COOUTNGt OF OLA.8S. 



Xhennoiiietor Cooled 


Olwenred 

Time 
of Cooling. 


Calculated 

Time 
of Cooling. 


Ayerage Bate 

of the 

Obgerved Time 

of Cooling. 


from 


to 


150° 
150 
150 
150 


140° 
130 
120 
110 


6' 40" 
14 15 
23 30 
34 


6' 54" 
14 43 
23 40 
34 


/ 1-176° per mi- 
L nute, at an ex- 
] cess of 65° 
\ above the 
f Temperature 
\ of the air. 



From the average rate of cooling which is here 
given, the effect of glass in cooling the air of a 
room may easily be calculated. As the specific 
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heat of equal volumes of air and water* is as 1 
to 2,990, the above average will show that each 
square foot of glass will cool 1*279 cubic feet of 
air l"" per minute, when the temperature of the 
glass is 1** above that of the external air. 

But by this we shall only find the effect of glass 
in a still atmosphere ; and therefore, to ascertain 
the cooling effect of external windows, when 
exposed to the action of winds, faxther experi- 
ments are necessary, f 

(272.) In some researches of Leslie's, on the 
cooling power of wind, he used a bright metallic 
ball filled with hot water, and noted the time of 
cooling when it was exposed to wind at different 
velocities. The result he obtained was, that the 
cooling effect on the ball was very nearly in a 
direct ratio with the velocity. But it will be 
obvious, by referring to the experiments of Petit 
and Dulong, in the preceding chapter, that the 
relative cooling of heated bodies, when exposed to 
air moving at different velocities, must depend 
upon the nature of the surfaces. For, while the 
quantity of heat which is abducted hj the air is 
proportional to the number of particles of air 
which pass over the heated body m a given time, 
the heat that is lost by radiation is not only inde- 
pendent of this effect, but the relative proportion 

♦ See Art. 97. 

f In some expenments by Wyman, on the cooling influence 
of glass windows, he obtained the following results, in a room 
of 1,930 cubic feet, and having 531 square feet of walls, and 
33*21 square feet of windows. The room was allowed to cool 
about w^j first with the windows uncorered, and then with 
the windows coyered with double blankets. The average of 
the experiments gave — 

Boom cooled . •150'^ per minute, with windows uncovered ; 
„ „ . *106° per minute, with windows covered; 

or 1** in 6*6 minutes, with windows uncovered, and 1° in 9*4 
minutes with the windows covered. — ^Wyman "On Ventila- 
tion.'* Boston, 1846. 
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of heat lost by radiation differs for each particular 
substance. As the bright metal ball tnat Leslie 
employed in his experiments would lose only an 
extremely small proportion of its heat by radia- 
tion, it might naturally be concluded that the 
rate of cooling would oe nearly in a direct ratio 
with the velocity of the air. But with a surface 
of glass, tiie result must be very different, because 
the radiation is then yery considerable; and, 
therefore, the total cooling will be much slower 
than the simple ratio of the velocity. For while 
a surface of glass of the temperature of 120"*, and 
at an excess of 52"* above the surrounding medium, 
loses about two-thirds of its heat by radiation, a 
bright metallic surface of the same temperature 
will only lose one-eleventh part of its heat by the 
same cause. 

(273.) In the following experiments it appears 
that the cooling effect of wind, at different veloci- 
ties, on a thin surface of glass, is very nearly 
as the square root of the velocity. In these ex- 
periments, the velocity of the air was measured 
by the revolution of the vanes of a fan; the 
temperature of the air was eS** ; the time required 
to cool the thermometer 20** was noted for every 
different velocity, and the maximum temperature 
of the thermometer, in each experiment, was 
120^ In still air it required 5' 45" to cool the 
thermometer this extent ; and the annexed Table 
shows the time of cooling by air in motion. 

(274.) In consequence ol the large quantity of 
glass in buildings used for hoij:icultural purposes, 
the cooling effect of wind is of considerable im- 
portance. We see, however, that with an in- 
creased velocity the cooling effect is considerably 
less, in proportion, on glass than on metal. And 
it will be very much less on window-glass than 
even what is here stated : for, as glass is an ex- 

8 
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TaBUB XXVI. 

TABLB OP THS C00LIK6 OF GLASS BY WIND. 



Velocity 

of the Wind, 

in Miles, 

per Hoar. 


Times of Cooling the Thermometer 20**. 
From 120» to 100«» of Fahwnheit 


Obseryed 

Time 
of Cooling. 


Time 

reduoedto 

Decimals of 

aMinuU. 


Cakvlated Time; being 
the InTerse of the 
Square Boot of the 

Yfllodties; in I>eoimaIi 
of a Minute. 


8-26 

618 

6-64 

8-86 

10-90 

18-86 

17-97 

20-45 

24-64 

27-27 


2' 86" 
2 10 
1 65 
1 40 
1 80 
1 16 
1 6 
1 
65 
48 


2-58 
216 
1-91 
1-66 
1-60 
1-25 
1-08 
1-0 
•91 
•81 


2-58 
204 
1-82 
1-56 
1-41 
1-27 
110 
1-03 
-94 
•88 



tremely bad conductor of heat, the increased 
thickness which window-glass possesses over that 
which composes the bulb of a thermometer will 
make a material diflference in the quantity of heat 
that is lost by the abduction of the air, as there 
will be, in this case, a greater difference betweeni 
the temperature of the external and the internal 
surface. The cooling effect of wind is therefore 
not near so considerable on glass as is generally 
supposed ; and it will probably be nearly one-half 
less on window-glass than what is shown by the 
preceding experinuents. Exact experiments on 
this subject, however, are extremely difficult, 
owing to the unequal action of the air on different 
parts of the surface. Thus, if a cylindrical or 
spherical vessel be employed, the action of the 
wind will be such that the particles of air striking 
the surface in firont will cause a vacuum at the 
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back part of the vessel, from which latter part the 
heat will be given off by radiation alone. It thus 
becomes impossible to ascertain accurately what 
would be the effect, if the whole of the surface 
could be acted upon by the wind ; and the sam6 
remark will apply to most other forms of surface 
which could be employed experimentally. 

(276.) The following Table shows the results of 
Tredgold's experiments on cooling, already re- 
ferred to. They are here given, principally, to 
show the cooling power which thin sheet-u*on will 
have in any building in which it is used; and 
they may therefore be Useftd now that corrugated 
iron is so frequently employed in maiiy descrip- 
tions of buildings. In these experiments the 
specific heat of the vessels was added to the 
quantity of water they contained. The vessels 
were always cooled from 180^ down to 150"* of 
Fahrenheit; the time required for this cooling, 
and the other particulars of the experiments, 
being noted in the table. 

Tabus XXVII. 



QQ 



•a w 



^ 



H 



5HS. 



Tinned Plate . 
Sheet Iron 
Glass . . . 



79 

76-7 

71 



62-28 

61-7 

61-2 



55i° 

57 

56i 



46 
29 
31i 



124i^ 

123 

123i 



♦759 
118 
1075 



In these experiments, as already stated, the 
cooling of the sheet-iron will not afford a fair 
criterion for the eflfect of cast-iron pipes ; but it 
will be perceived that thin sheet-iron has, in a 

s 2 
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still atmosphere, the same cooling power as ^lass; 
and therefore its effect in cooling the air of any- 
building in which it is used will be very great, 
and in high winds it will produce a far greater 
cooling power than the same extent of glass (Art. 
272), as its cooling power will be nearly in the 
direct ratio of the velocity of the wind. 

These remarks on the cooling power of different 
substances when employed in buildings must of 
course be understood merely to apply to those 
cases in which the interior temperature of the 
building is higher than that of the external tem- 
perature. Under other circumstances these ex- 
periments would not be applicable. 



26! 



PAET SECOND. 

ON THE VAEIOUS JIETHODS OP WAEMING AND 

VENTHATINO BUIIJ>INOS. 

THE COMBUSTION OP PUEL, ETC. 



CHAPTER I. 



Early Methods of Warming Buildings — ^The Eomans : their 
Stoves — Baths — Flues — Mode of Preparing their Firewood 
— The Persian Method — Chinese Method of Flues — Method 
of the Ancient Britons — ^Invention of Chimneys — Burning 
of Coals in England — Early Writers on the subject — 
Improvements in the Form and Construction of Stoves and 
Fire-places.* 

(276) The various methods of warming build- 
ings have consisted, in all countries and in all ages, 
imtil a yery recent period, of the rudest appli- 
ances and tne most inartificial inventions. At a 
very early period, it is true, the Romans were 
ac(juainted with the method of heating rooms and 
bmldings by flues ; and these were elaborate in 
their construction, and complicated in their ar- 
rangements. But they were so expensive in their 

* In this and the following chapters, the articles on ^ * Stoves ' ' 
and "Ventilation," written by the author, and published in 
the '' Encyclopsddia MetropoHtana," have been incorporated 



with such further observations as the want of space prevented 
him from making in the work in question. 
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construction, and so wasteful in their expenditure 
of fiiel, that this method of warming buildings 
could only be adopted by very few of even that 
rich and luxurious nation. The comparatively 
late invention of chimneys fully accounts for the 
immense size and peculiar construction of the 
flues used by the ancients; for unless a large 
space were prpvided for the combustion of the 
fuel and the entrance of the air, the heat could 
not have been conducted through the flues, owinff 
to the absence of the necessary draught produced 
by the use of a high chimney. The hypocausium 
of the Romans was this plan of flues.. It appears 
to have consisted of a long fiimace ; and a num- 
ber of narrow arches (testudines alvei) received the 
fire of the hypocaustum, and conducted it along 
and underneath the floor of the room to be 
warmed.* The whole of the hypocaustum was 
ioamediately below the room wmch was to be 
heated. Sometimes a great number of short 
coliunns or pillars supported the floor instead of 
these arches. They were set in four rows very 
close together, and the flame of the furnace passed 
between them, as appears by some very perfect 
specimens which have been discovered, "f Pliny 
the younger, iii his letter to Grallus, giving the 
description of his villa Laurentinum, mentions 
that his bedchamber was farmed by a small 
hypocaustum : $ and this plan was generally 
adopted in heating the bams.§ For this latter 
purpose, however, an improved method was 
adopted when the Thermae of Rome were built, 

« CMtQU'a '<IUasiaraidoiifl of the Ylllas of the AnoieiiW 
pp. 8, 9. 

t PhihsopMeaJ Transactions^ vol. xxv„ p. ?225, and vol. xli., 
p. 856. ^ 

X Castell's " Dlustrations," p 13. 

§ Hid,, p. 9. 
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and which has been described by Seneca.* The 
water of the bath was heated by passing it 
through the fire in a brass pipe of a serpentine 
form, thence ccilied Draco, The most approved 
mode was to employ the Miliarmm^^ which 
appears to have been a leaden vessel of large 
circumference, the middle part bein^ open for the 
spiral pipe, and for the draught of the fire to pass 
through. This vessel of water that surrounded 
the flame was also placed upon part of the same 
fire, and for that reason the bottom was obliged 
to be made of brass, as were also the pipes. 

(277.) But the method of warming by the 
hypocaustum was fex too expensive for general 
use. The Romans used portable furnaces, con- 
taining embers and burning coals, to warm the 
different apartments of their houses, which were 
pl^ed in the middle of the room. J These were 
sometimes made to contain water, which was 
heated by the fuel of the fiimace, and probably 
they were also used for cooking. ' One of these 
boilers and fdmaces, found at Uerculaneum, was 
in the shape of a castle with four towers.§ The 
usual kind of stoves, however, were nearly on the 
plan of our braziers. They were mostly elegant 
bronze tripods, supported by satyrs and sphinxes, 
with a round dish above for the fire, and a small 
vase belpw to hold perfumes, which were thrown 
into the brazier to correct the smell of the coals. 
A square stove of bronze, of the pize of a moderate 
table, found at Herculaneum, . rested on Eons' 
paws, and was ornamented upon the border with 
foliage. The bottom was a strong iron grating, 
walled up with bricks above and below, so that 

* " Seneca, Nat. QucBst.," lib. 8, cap. 24, 

t " Palladius," Hb. i., tit. 40. 

1 Adams's ^* Boman Antiquitiesy" p. 454. 

§ Fosbroke's ** Arch»ology," 4to, vol. i., p. 233. 
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the fire could not toucli the sides of the stove, nor 
fall through the bottom. It was similar to those 
still used m large rooms in Italy.* But the smoke 
from these stoves was so considerable, that the 
furniture of the winter rooms was different from 
the summer rooms ; and Vitruvius expressly states 
that these winter apartments had plain cornices, 
and were without carved work or mouldings, in 
order to allow the soot to be easily and frequently 
cleaned away.t At great entertainments it was 
usual to have watchmen stationed to be ready to 
extinguish any fire which might happen; the 
smoke issuing from the kitchen windows being so 
great on these occasions, that it was common to 
speak of this great smoke as synon3rmous with a 
great entertainment.^ The utmost care, how- 
ever, was taken to prevent the smoke as much as 
possible, and to procure wood which gave the 
smallest quantity of smoke in combustion. A 
great deal of the firewood used by the Romans 
was procured from Africa. § The bark of the 
wood was peeled off; the wood was then suffered 
to lie a long time in water, and afterwards dried 
and anointea with the lees of oil, which was con- 
sidered the most effectual way to prevent it from 
smoking.jl 

(278.) In the time of Seneca (a.d. 64), another 
method of heating buildings was adoptea ; which 
consisted of pipes built in Sie walls, that conveyed 
the heat from a furnace, constructed in the earth 
under the edifice. These pipes or flues were con- 
ducted to the different rooms ; and the upper end 

* Fosbroke's •* ArchfiBology," vol. i., p. 237. 

f ** Vitruvius," lib. vii., cap. 5. Beckmann's "History of 
Inventions," vol. ii., p. 74. 

t "Beckmann," vol. ii., p. 71. 

§ Jhid.f vol. ii., p. 300. 

II Adams's "Boman Antiquities," p. 454. ''Beckmann," 
vol. ii., p. 79. 
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was often ornamented with the representation of 
a lion's or a dolphin's head, or any other figure, 
and it could be opened or shut at pleasure. These 
pipes, however, were liable to become ftiU of soot ; 
and as they were very likely to catch fire by being 
over-heated, laws were maae forbidding them to 
be brought too near to the wall of a neighbouring 
house.* 

(279.) The Persians used a stove consisting of 
an iron vessel sunk in the earth in the centre of 
the apartment. After a fire had been kindled, and 
had well warmed the place, a wooden top, like a 
small low table, was placed over the hole in the 
floor which contained the stove, and this top was 
then spread with a large coverlet quilted with 
cotton, which hung down on all sides to the floor. 
Those people who were not very cold, only put 
their feet under the table or covering ; but those 
who required more heat, put their hands under it 
also, or crept under it altogether, f The Jews 
likewise used such stoves in their houses, and the 
priests had them also in the temple : J ^ fact, 
throughout the East this mode of warming apart- 
ments appears to have been commonly adopted. 

(280.) In China, a very elaborate system of flues 
has been long in use, by which the floors of the 
rooms are heated by a furnace constructed below, 
with a moderate expenditure of fuel. A very 
equable temperature appears to be maintained by 
this means, notwithstanding the winter tempera- 
ture of some parts of China is so low that the 
thermometer nearly reaches the zero of Fahrenheit's 
scale. Father Gramont described this mode of 
heating in 1771,§ but the date of its introduction 
does not appear to be known. 

* "Beckmann," vol. ii., p. 90. 
Ilid.f vol. ii., p. 83. X Ihid.f vol. ii., p. 85. 

Fhiloaaphical TramaeUom^ 1771, p. 61. 
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(281.) Althouffh the Romans must have mtro- 
duced their memods of warming buildings into 
England at a very earlv period, as appears by 
various remains which have been excavated in 
recent times,* the inhabitants of Britain long con- 
tented themselves with contrivances of the rudest 
and simplest character. Among the ancient Bri- 
tons, in each dwelling there was only one place for 
a fire, which was merely a hole in the centre of 
the floor. In the time of the Anglo-Saxons, the 
ordinary plan was to place the ignited fuel on the 
hearth in the middle of the floor, and an opening 
in the roof, immediately above the hearth, per- 
mitted the escape of the smoke. In the better class 
of buildings, an ornamented turret was erected in 
the centre of the roof for carrying off the smoke, 
while in ordinary houses the opening in the roof 
was merely defended from the weather by louvre 
boards, in the manner now practised in many of 
our conunonest buildings used for manu£Etctories. 

(282.) The invention of chimneys necessarily 
made a great alteration in the mode of heating 
buildings. The date of their introduction has been 
much debated : but there appears to be no positive 
evidence of their existence before the middle of 
the fourteenth century ; the earliest record being, 
that an earthquake at Venice, in 1347, threw down 
a great many chimneys-t Twenty years after this 
they appear to have been unknown at Rome ; for 
in tnat year Francesco da Carraro, lord of Padua, 
came to Rome, and, finding no chimneys at the inn 
where he lodged, he caused two chimneys to be 
built by workmen whom he had brought with him ; 
and over these chimneys, the first ever seen at 
Rome, he caused his arms to be affixed.;^ This 

* Philosophical TramaetionB^ vols, xxv, and xli. 

f Beokmanii'a "HiFtory of Inventioiia," vol, ii., p. 98. 

} Ihid, p. 99. 
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slow communication of such an important inven- 
tion, 80 closely connected with healtn and comfort, 
contrasts most strangely with the rapid promulga- 
tion of every discovery and improvement of me 
present time. 

The introduction of chimneys into England 
appears to have been in the reign of Richard II. ; 
and one of the first is supposed to have been at 
Bolton Castle, built in this reign.* It was long 
before they came into general use ; but in the 
reign of Elizabeth most rooms in respectable 
houses were furnished with them, smd apologies 
were made to visitors if they could not be accom- 
modated with rooms with cnimneys.f 

(383.) It is uncertain at what time stove-grates 
were first used, though probably they were not 
invented till coals became the ordinary fuel. For 
though coals were known to the Britons before the 
arrival of the Eomans, their use was barely tole- 
rated in England till the seventeenth century, as 
it was supposed that the air was renderea un- 
wholesome by their use.$ 

After the improved method of burning fuel 
under open chimneys was introduced, they were 
used not only as the receptable for the fire, but 
they also became the ordinary place of resort for 
conversation and conviviality tor all the inmates 
of the* house. The chimney-comer was the post 
of honour ; and the custom of the whole family 
sitting under the chimney-breast is not even yet 
entirely exploded in some of our rural districts, 

(284.) The earliest writers who endeavoured to 
imraove the construction of stoves were Keslar, 
of Frankfort, in 1614; Savot, in 1625; Glauber, 
in 1669; and Delesme, in 1686. In 1713 (or 

* Foebroke's '* Arch»ology," vol. i., p. 113. 

t iJ»V?., vol. i,. p. 112. 

J See chapter vi., Art. 382. 
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perhaps even in 1709), M. Granger published a 
most excellent treatise on the construction of fire- 

f)laces, which, in 1715, was translated and pub- 
ished in this country by Dr. Desaguliers.* This 
treatise, which is now scarce, contains a most 
lucid explanation of the methods of economizing 
fuel, based on the soundest principles of philo- 
sophy. It was the first attempt which had been 
made to apply the known laws of heat to the con- 
struction of fireplaces ; and though, in consequence 
of wood being the fuel universally used in France 
at that period, and this fuel being always burned 
upon the hearth, the author made no mention of 
stoveSy but merely of fireplaces^ the translator. Dr. 
Desaguliers, added a chapter on the stoves to be 
used in these improved fireplaces ; and the work 
in that new form was a complete epitome of all 
those principles which Franklin, and, after him. 
Count Rumford, so successfiilly brought under 
the public notice, and which, if stricny carried 
out, would form, even at the present day, the best 
guide to the proper construction of stoves and fire- 
places. An epitome of this little work would be, 
m fact, a recapitulation of aU the most approved 
methods of constructing fireplaces, stoves, and 
chimneys ; but most of these principles are now 
too well known to require explanation, and others 

* Dr. Desaguliers, in his '* Expenmental Philosophy," 
vol. ii.y p. 55 7, published in 1744, mentions this book, and 
states that the author concecded his name, but that he knew 
him to be Monsieur G«uger, of Paris ; and he mentions a 
curious circumstance of a frenchman coming over to this 
country, who, although so ignorant that he could scarcely 
read three pages of me book, professed himself its author, 
and applied to the king to srant him a patent, free of expense, 
on account of the great value of the stores described in the 
book, and that he was too poor to pay for the patent. The 
real author of this book still remains a subject of conjecture, 
and it has been sometimes attributed to the Oardinid de 
Polignac. 
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which are less so will be touched upon in another 
form in the course of this treatise. 

(285.) The word stove is used in this treatise to 
signify either a close or an open fire-grate to bum 
fdel in ; and, in general, this is what the word is 
now supposed to mean. In horticulture, the build- 
ing itself which is heated, and not the place which 
holds the fire, is called a stove, and this expression 
is employed by many old writers. Anciently, 
however, the term hothousey which we now use to 
signify a building for horticultural purposes, was 
descriptive of a sudorific bath, the use of hot- 
houses for the purposes of horticulture being an 
invention of comparatively recent date. At the 
beginning of the seventeenth century hothouses 
were used for the cultivation of orange trees, and 
were considered a mark of royal magnificence.* 

(286.) The various elegant forms given to the 
stove grates of the present day are quite a modem 
invention. Formerly they were called " cradles 
of iron for burning sea-coal,"t jfrom which we 
should suppose them to be very different in con* 
struction to ours; and even tnose described in 
Dr. Desaguliers' work, as late as the beginning of 
the eighteenth century, are nothing more than a 
few bars bent into a semicircle and fastened into 
the back. How far the utility of stove-grates has 
been affected by the modem alterations of form, 
we shall endeavour to show in the following 
chapter ; and subsequently we shall inquire into 
the physiological effects produced by some of the 
modem methods of distributing artificial heat. 

* Fosbroke's " Archseology," vol i., p. 275. 
t IM., vol. 1., p. 268. 
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CHAPTER II. 

t^orms of Fire-places and Chimneys — Should be made to 
reflect Heat-— Contraction of Chimnej-breast — Hollot^ 
Hearths and Backs for Fire-plaoes — ^Rumford's PrinoipleA 
of Construction — ^Errors in the Construotion of Stoves — 
Begister-Stove in a Case-^eflfrey 's Stove — Franklin's Penn- 
sylvania Stove — Cutler's Torch Stove— Sylvester's Badiat- 
ing Stove— Bussian and Swedish Stoves — Cundy's Stoves — 
GOTman Stoves — Hot-air Stoves — Cockle Stoves — Dr* 
Nptt's Stove— Br. Amott's Stove— Franklin's Vase Stove 
— Gas Stoves — Joyce's Stoves — Beaumont's Stove — Pal- 
maise Stove. 

(287.) Previous to the publication of M. Gauger^g 
treiatise (already alludea to, Art. 284) chimney 
fire-places were generally made in the form of a 
large square recess, and the breast of the chimney 
was of the same size as the recess itself. The 
error of this construction was pointed out, in the 
work by M. Ganger, by a reference to the known 
laws of heat. Radiant heat is subject to the same 
law as light, — ^that the angle of reflection is equal 
to the angle of incidence. Hence it follows that 
a ray of heat, falling perpendicularly on the flat 
sides of the chimney recess, will be reflected back 
upon itself: if the ray forms an angle vertically 
with the side, it must be reflected up tne chimney ; 
and if the ray forms an angle horizontally with 
the flat side of the chimney, this angle must 
necessarily be so smalt that it cannot be reflected 
forward oeyond the jambs of the mantel-piece. 
On these considerations, M. Ganger recommended 
that the back of the recess should be contracted, 
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so that the sides should incline outwards at a con- 
siderable angle, by which means the radiant heat 
would be reflected into the room, and much more 
effect produced. The fig. 61 will explain this: 
it is supposed to be the ground plan of a fireplace^ 
with straight sides; 
A B o are the jambs, ^^fir- ^i- 

sides, and back of the 
fireplace, and d the 
body which radiates 
heat. If now a ray 
w falls on the side, it 
will be reflected at the 
same angle, and fall 

just within the jamb at rr; but if the side be 
inclined, as shown by the line/, then a ray y fall- 
ing upon it, will be reflected into the room in the 
direction of 0, and of course a vast difference in 
the effect will be experienced. 

But this author likewise recommended other 
improvements. He advised a considerable con- 
traction of the breast of the chimney, by which 
less heat would escape through the ftmnel or shaft 
of the chimney, while at the same time he proved 
that the smoke would escape with equal facility 
as before. Another improvement which he sug- 
gested was in making the hearth and back of the 
fireplace hollow, by means of metal plates, so 
that by having these hollow spaces to communi- 
cate with the external atmosphere, the air in 
passing through them would be warmed before it 
entered the room, and would prevent the cold 
currents of air which otherwise would enter 
through the crevices of the doors and windows. 
This construction of fireplaces was intended for 
the burning of wood, and as the fire was there- 
fore merely laid on the hearth, the effect of these 
hollow spaces, and particularly the hollow hearth, 
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would of course be very considerable, by wanmng 
a large quantity of air. 

(288.) Subsequent inventors have been much 
inaebted to this work by M. Ganger, Franklin 
acknowledged the great assistance he had derived 
from it ; and the methods of economizing fuel, 
afterwards so successfdlly introduced by Count 
Rumford, in his improved stoves, are all similar 
in principle to the plans recommended by the 
French author. 

(289.) In the year 1796, Count Rumford pub- 
lished his Essays on the Management of Fire and 
the Economy of Fuel ; and he there described those 
improvements which have ever since that time 
been followed in the construction of stove-grates. 
The error shown by M. Ganger to exist in the 
construction of fireplaces, by making the sides 
parallel to each other, was, at the time that 
Rumford wrote his treatise, still continued. In 
pointing out the error of this mode of construction, 
he showed that, in order to obtain the greatest 
effect from the fdel, the sides of the fireplace 
ought to be placed at an angle of 135"* witn the 
back of the grate, or (which is the same thing) 
at an angle of 45^ witn a line drawn across the 
front of the fireplace. This angle must neces- 
sarily reflect the greatest number of rays into the 
room ; the difference of effect between this mode 
of construction and that of the parallel sides being 
very great. The reduction in the size of the 
throat of the chimney was likewise another im- 
provement wliich he effected, though this also 
had been recommended by M. Ganger nearly a 
century previous. The angular covings for the 
sides of tne fireplaces, Rumford considered should 
not be formed of iron, but of some non-conducting 
substance, such as fire-clay, in order that more 
heat might be reflected from them into the room. 
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A circular form for these sides or coyings^ lie con- 
sidered produced eddies or currents, whieh would 
be likely to cause the chimney to smoke ; and he 
likewise objected to the old form of registers or 
metal covers to the breast of the chimney for the 
same reason, and because by their sloping upwards 
towards the back of the fireplace, they caused the 
warm air from the room to be drawn up the 
chimney, and thus impeded the passage of the 
smoke. These registers are now made so as to 
be lower at the back than at the fix)nt of the 
stove; but, in general, they are placed fer too 
high up. And the very same reasons which 
decide the angle of greatest effect for the cheeks 
or sides of the fireplace to be 46**, also apply to 
this case ; and a large quantity of heat now lost 
by the ordinary register stoves would be saved if 
the register top were placed at this angle, and 
sufficiently low down to allow it to reflect the 
heat from the fire into the room. The dimen- 
sions of the fire-grate itself Count Rumford recom- 
mended to be much less than formerly ; and the 
best proportions for the chimney recess he stated 
were that the width of the back should be equal 
to the depth from front to back, and the width of 
the front, or the opening between the jambs, 
should be three times the width of the back. 

(290.) Although the best form for register-stoves 
has now for several years past been adopted, the 
desire for novelty has caused the true principles 
of construction to be fre- 
quently departed from ; 
and we accordingly 
find, inthemostmodem 
stoves, considerable de- 
viations from these 
principles. Fig. 52 is 
a section of a register 
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stove constructed on the best possible plan for 
diffiising heat into the room. The sides are 
a right angle of 90® a b c ; and the bars d e 
described a quadrant of a circle whose radius 
is just half the length of the side a b. If now we 
wish to follow Rumford's rule of making the back 
one-third the width of the front, we obtain this 
by taking one-third of the length A b, which will 
give b/; and then if we draw the line / g^ we 
shall obtain exactly the required dimensions. By 
this arrangement it will be perceived that the 
sides of the stove form an angle of 135"* with the 
back ; and all the rays of heat which fall upon 
these sloping sides will therefore be reflected into 
the room, directly in front of the stove, in right 
lines. The falling cover, or register top, should 
also form an angle of 135® with the back, by 
which a large portion of heat will be radiated 
downwards into the room. These proportions 
however, cannot well be adopted in stoves of very 
large size, as they will be found to throw the 
stove rather too mr back ; but for all moderate 
sized stoves no form can be adopted which will 
produce so good an effect. 

(29L) Various methods have been contrived to 
render available some ftui;her portion of the heat 
which is given off by the ftiel during combustion 
in these stoves, in addition to that which is ob- 
tained by radiation. These contrivances are 
nearly all of them mere modifications of that 

Jointed out by M. Ganger, by means of the 
ouble back and hearth of his improved fireplaces. 
Notwithstanding this invention is at least 160 
years old, it has, during the last thirty years, 
Deen repeatedly brought forward, and more than 
once patented, by different persons, as a new in- 
vention. The principle has been the same in all 
the different cases, with but very little difference 
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in the mode of applying it. A current of air is 
brought from the external atmosphere, and is 
made to pass through a small box at the back of 
the stove ; the back of the stove itself forming 
one side of the box ; and in order to prevent the 
air from escaping into the room before it is suffi- 
ciently warmed, the box is divided by several 
partitions so as to check the pcissage oi the air, 
which is carried successively through them all 
before it escapes into the room. This mode of 
warming the air is exceedingly useful, and is 
capable^ of various modifications ; and it is not 
only economical in fuel, but frequently is very 
efficacious in remedying smoky chmmeys, and in 
preventing those cold draughts from doors and 
windows which are so exceecfingly unpleasant and 
unhealthy. 

(292.) A most efficient mode of applying this 
principle is to enclose the whole of the register 
stove in an ornamental case. In this way the 
stove stands forward in the room a few inches, 
and the case forms an air-chamber entirely round 
the back and sides of the stove, by which a very 
large heating surface is obtained, which moder- 
ately warms the air, while the whole eflFect of the 
radiant heat is obtained from the open fire, the 
same as in an ordinary roister stove. When the 
air-chamber commimicates with the external air, 
this forms a very excellent stove, and the atmo- 
sphere is purer than when the air of the room only 
is made to pass over the heated surface. 

(293.) A stove invented by Mr. Jeffi-ey (the 
inventor of the well-known instrument called the 
Respirator) accomplishes the same object in a 
somewhat different manner. This stove stands 
extremely prominent in the room, without being 
at all sunk in the wall as fireplaces usually are. 
The entire back of the stove above the fire con- 

T 2 
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sists of a series of flat tubes, one inch wide, and 
about nine inches deep from back to front, which 
are placed edgeways, one inch apart from each 
other, so as to present alternately a close and an 
open space of one inch in width. These tubes 
are about eighteen inches long, and reach quite 
to the top of the stove, and pass just through the 
mantelpiece. The only way by which the smoke 
can escape into the chimney is by passing through 
the openings left between these flat tubes, which 
are so connected at the top as to prevent the 
smoke passing into the room. The lower end of 
these tubes opens into a small air-chamber which 
commimicates with the external atmosphere, and 
the air therefore passes from this chamber through 
the flat tubes, and escapes at rather an elevated 
temperature into the room from the upper part of 
the tubes; having been warmed in its passage 
through the tubes by the heat which has been 
abstracted from the smoke passing between them. 
Nothing new in principle is obtained by this 
arrangement; the only difference between this 
plan and that of the many previous contrivances 
for the same purpose is, mat the heat which 
warms the air is derived from the smoke, in the 
others it is obtained by bringing the air into con- 
tact with the surface that is heated directly by 
the ftiel contained in the stove itself. The method 
employed by Mr. Jeffirey appears very likely to 
cause the cnimney to smoke, imless the draught 
is particularly good ; for the smoke must have so 
large a portion of its heat abstracted by passing 
between the flat tubes, that its power of ascending 
must necessarily be very much reduced. The 
stove also presents some practical difficulties in 
removing the soot from the chimney ; for which 
purpose a part of the jamb has to be removed. 
(294.) Dr. Franklin, in 1744, invented a stove 
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for burning wood, which he called the Pennsyl- 
vania stove ; in which he introduced the principle 
of heating the air veiy much in the manner first 
recommended by M. Ganger, by means of a double 
or hoUow back. This stove* was in the form of 
an oblong box with the firont removed. At about 
three or four inches from the back of this box, a 
flat close chamber was fixed, three inches deep, 
the whole width of the stove, and reaching to 
within about foiur inches of the top. The smoke 
escaped over the top of this flat chamber, and 
passed downwards between it and the real back 
of the stove, and thence passed into the chimney. 
This hollow chamber communicated underneath 
the stove with a tube opening into the external 
atmosphere, and a considerable quantity of air 
thus passed through the flat chamber, and escaped 
into the room through small holes left at the sides, 
after traversing the length of the chamber three 
or foiur times by means of divisions placed across 
it for that purpose. The heated surface of the 
stove itself also warmed the air of the room, and 
a large quantity of radiant heat was also given 
off from the burning ftiel. This stove is very 
economical, and it was a good deal used in 
America, and some of them have been used in 
England, in those parts of the country where 
wood is abundant. 

(295.) An ingenious stove was proposed in 1816, 
by Mr. Cutler, and called the torch stove.t It 
possessed an open fire, exactly like an ordinary 
register stove, but it was made to consume its own 
smoke on a very ingenious principle. Below the 
bars of the grate there was a deep box which sank 
down into the hearth, and which contained the 
ftiel. The fire was lighted at the top, and as the 

• Franklin'B " Works," toI. ii., p. 225, et seq. 

t Repertory of Arts, voL zxyiii. (Second Series), p. 203. 
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fuel burned away, the box was wound up by a 
chain passing over a rack and pinion, placed out 
of sight, in the interior of the stove. By this 
means the fiiel burned only at the top ; and the 
quantity of heat could be regulated at pleasure, 
according to the height to which the fuel was 
supplied from the box below. For^ as the sides 
of the box were solid, and therefore no air could 
pass through the fuel it contained, the combustion 
took place only in that part of the fuel which was 
raised up to the level of the fire-bars ; and as this 
part of the fuel always burned clear, the raw coal 
below was gradually and slowly heated, and the 
gaseous parts were consumed while passing slowly 
through the ignited fiiel at the top. This stove 
was rather cumbrous in appearance, and there was 
an inconvenience attending its use, arising from 
the trouble of relighting the fire and filling the 
box with fuel, when the latter did not contain a 
sufficient quantity to last the entire day ; and 
which alone is almost sufficient to prevent its 
general use. The principle, however, of lighting 
the fire at the top, and supplying fresh ftiel fix)m 
below, is undoubtedly good, as it affords the most 
perfect control over the intensity of the fire, and 
consumes nearly the whole of the smoke. To 
obviate the inconvenience of supplying the coals 
in this way, and still retaining tne advantage of 
burning tne fiiel from the top, downwards, Mr. 
Dowson patented a plan* for supplying the fresh 
fuel below the ordinary bars of the grate, whilst 
the fire was burning, by a peculiar apparatus, 
which delivered the fresh coals at the bottom of 
the grate ; but neither this, nor the plan proposed 
by Mr. Cutler, ever came at all into extensive 
use, as both are troublesome and expensive. Dr. 
Amott has very recently (1854) again revived 
^Bepertory of ArUy vol. xxix. (Second Series), p. 76. 
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Mr. Cutler's plan of the torch stove, and has pro- 
posed it as a remedy for the inconveniences, real 
and imaginary, which are attributed to our ordi- 
nary open grates or fireplaces. There is not the 
least probability that this plan will ever come into 
general use ; for its greater cost, its complicated 
mana^ment, its practical inconvenience in re- 
plenishing the fiiel, and its somewhat difficult 
adaptation to existing fireplaces, all militate 
against it, even were its advantages greater than 
they really are. In fact, the plan, somewhat 
modified, has been several times brought forward. 
Several years ago it was proposed in America, by 
simply making each side of the stove consist of a 
hollow box, of which the hob formed the lid. 
The bottom of the box was level with the bottom 
grate of the stove ; and an opening firom the side 
of the box, close to the bottom, allowed the coals 
which were put into these side boxes to be pushed 
under the burning fuel in the grate, and thus 
produced the same effect as the winding box of 
Cutler's stove. This plan, like each of the others, 
is attended with difficulties in practice ; for, 
although descriptively it appears very easy, in 
practice it is found extremely difficult to force any 
sufficient quantities of fiiel under a mass of burning 
coals. 

(296.) Another modification of the register 
stove is the invention of Mr. Sylvester. In this 
stove the hearth consists of a great number of 
hollow bars fitted into an appropriate fi'ame. The 
hollow bars not only form the hearth, but at their 
extreme end the fuel is placed, and the bars thus 
form the grating on which the fiiel is burned. The 
air to support the combustion passes through the 
hoUow bars, and also through the fi^ont of the fire. 
The ends of these bars on which the fire is placed 
become hot, and the remaining part of the bars 
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also becoming heated by the conducting power of 
the metal, a radiation of heat into the room is 
produced by the bars which form the hearth. The 
fire being placed as it were on the hearth, the 
cheeks or sides of the stove are of much greater 
length than usual, and a larger quantity of heat 
is radiated into the room. The smoke escapes 
through opening in the back, which are placed 
something Kke louvre boards. The ashes from 
the stove fall into a box below the hearth, which 
requires to be occasionally emptied by removing 
the loose bars forming the hearth. 

The principle of this stove is extremely good, 
but the arrangement is much too expensive ; and 
there are several inconveniences which must 
prevent its general use, not the least of which is 
the extensive alteration in the brick-work and 
wood-work which surrounds the fireplaces, in 
order to adapt them to rooms not purposely built 
for them. But there is ample room for im- 
provement in the ordinary open fireplaces, and 
many ingenious inventions already exist for this 
purpose. The great obstacle, however, to their 
general use, even supposing their merits greater 
than they really are, is the extensive alterations 
generally required when they are made to replace 
stoves of the old construction. For while several 
of the modem stoves economise fuel to a con- 
siderable extent, their expense puts them beyond 
the reach of those to whom this economy of fuel 
would be important ; and to those who can afford 
the expense of their application, the economy of 
fuel is a matter of indifference. The old principle 
of open stoves is undoubtedly wasteful of fiiel, as a 
large portion of heat escapes up the chimney ; but 
it is doubtful whether any of these modem inven- 
tions yet accomplish great economy of fuel, accom- 
paniea with moderate cost and easy application. 
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(297.) The stoves which come now to be men- 
tioned are of a different character, and form that 
class (the only one known in many parts of 
Europe) which heat the air by contact with their 
surfaces, and not by radiation directly from the 
burning fuel itself. In most of these stoves the 
fire is wholly concealed from view; while in a 
few, of modem invention, a part of the fire is 
dimly seen through talc placed in the front. 

(298.) In the North of Europe, close stoves are 
alone used for heating building. In Russia and 
Sweden, the stove is generally made of brick, 
tiles, or stone, and it occupies a large space at one 
end of the room. It is usually either smiare or 
oblong, and is divided by partitions into different 
compartments, so as to increase the surface over 
which the smoke and heated gases pass before 
they finally escape into the chimney. The ma- 
terials which compose the stove, being slow con- 
ductors of heat, they retain the heat for a long 
time when once warmed ; and these stoves seldom 
require replenishing with ftiel more than once a 
day. They usually bum wood for ftiel, and are 
supplied by a fire-door exterior to the room in- 
tended to De warmed. M. Guyton endeavoured 
to introduce these stoves into France at the close 
of the last century, and paid much attention to 
the best form of construction and the compara- 
tive cost of fiiel, the results of which were pub- 
lished in the Annates de Chimie.^ 

Mr. Gundy took out a patent in this country, 
in 1844, for a stove made of fire-clay, which it 
was supposed would combine the advantages of 
an open fire with the mild heat from earthen or 
pottery sur£sices. The large size which such a 
store requires to be, in order to afford sufficient 

* See also Bepertcry ofArts^ vol. zvi., p. 254, $t »eq. 
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heating surface for a building of any considerable 
extent, must necessarily prevent its general appli- 
cation ; and it has not hitherto proved generally 
successfiil where large aroM are required to be 
heated. 

(299.) In Germany, iron stoves are used, which 
heat the air by contact with their surfaces. A very 
superior stove is also used, made of glazed earthen- 
ware, which is very similar to the Swedish stoves 
just described, and which gives a mild and agree- 
able heat. This stove necessarily occupies much 
room ; but it is decidedly the best construction for 
a close stove, as the quality of the air is less injured 
by it than by the heated metal from ordinary close 
stoves. With all these close stoves it is usual to 
employ a vase of water to supply moisture to the 
air, to prevent the unpleasant eftects which would 
otherwise be experienced, and which will be 
noticed in the following chapter. 

(300.) In this country, hot-air stoves constructed 
of iron have been usually employed for wanning 
large buildings, until the mtroduction of the plan 
of warming by steam and by hot water. 

The hot-air stove is too well known to need 
description. It may be observed, however, that 
the great defect of these stoves is that they heat 
the air too highly, and thereby render it unwhole- 
some ; and whatever plan of construction tends to 
increase the heated surface exposed to the air 
without increasing the size of the fire-box itself, 
will of course lower the temperature of the surfeice 
which heats the air, and thereby render the stove 
less objectionable. This has been accomplished 
in a very ingenious manner by Mr. Sylvester, by 
means of covering the cast-iron case, which receives 
the heat from the fire, with iron ribs projecting 
three or four inches beyond the surface of the 
case. These ribs greatly increase the surface, 
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and thereby reduce the temperature, which is the 
great desideratum in these stores. 

(301.) The method of heating by cockle-stoves is 
but little more than a modification of the ordinary 
hot-air stoves adapted to a larger scale. Mr. Strutt, 
of Belper, in Derbyshire, appears to have been the 
first person to introduce an improved method of 
heating by cockle-stoves ; and fi:om the year 1792, 
when he first warmed his large cotton mctories in 
this manner, various improvements have been 
made in these stoves, which, without at all altering 
their principles, have rendered their application 
more general. 

The cockle-stove consists of a very thick iron 
case, which forms the top and sides of the furnace. 
This case, or cockle, is enclosed in another case of 
brick or stone, placed so as to allow a space of 
three or four inches, or more, between them in 
every part ; and appropriate openings are left for 
the admission of cold air at the bottom, and for 
the emission of the hot air at the top, which is 
fi^om thence conveyed through channels or pipes 
to any place which is required to be warmed. A 
vast number of ingenious contrivances have been 
proposed for the improvement of this apparatus, 
and for many years it was the principal method of 
warming aU tne large buildings in England. It 
has been sometimes called the Belper stove, after 
the name of the residence of the mventor. The 
unwholesome effects of these stoves, however, have 
caused them to be now nearly superseded by the 
use of hot-water pipes, which, fi-om their lower 
temperature, are free from the injurious tendency 
which the hot-air stoves have always been found 
to exhibit.* 

* The heating power of these cockle-stoves is veiy con- 
siderable. Mr. Sjlyester states, in his work " On Heating the 
Derby Infirmary," that a cockle which has 17 square feet of 
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(302.) A stove invented by Dr. Nott, of Phila- 
delphia, has been found to produce very consider- 
able e£Eect with but a small expenditure of fuel, 
and requiring very little attention. This stove 
is usually something of a pyramidical form. The 
lower party which forms the fire-box, is lined with 
fire-bncks, and the stove is divided vertically 
into two compartments. The fuel is put into this 
stove through an opening near the top, which 
forms a reservoir for the fuel, and occupies the 
front part of the stove, and the smoke passes 
downwards through a grating placed at the 
bottom, and then escapes through the back part 
of the stove into the chimney. The air for the 
support of the combustion enters the stove prin- 
cipally on the top of the fuel, and a small portion 
also enters below. As the fuel bums but slowly 
in consequence of the small quantity of air ad- 
mitted, the fire-box and reservoir, when once 
filled, will supply fuel for several hours, and give 
a very great heat. In fia<5t, the heat is generally 
so considerable, and the air is thereby rendered 
so arid, that it is extremely unpleasant and un- 
wholesome to those who are exposed to its in- 
fluence. 

(303.) One of the most economical stoves as 
regards the consumption of fuel, that has yet been 
invented, is that which has been introduced by 
Dr. Amott. This invention is an improvement 
(in some respects) upon Dr. Nott's stove above 

heatmg 8urfieu>e warmed 344^600 cubio feet of air 66^ in twelve 
hours, with the consumption of 60 lbs. of coal. This is equal 
to 26,768 cubic feet raised 1** per minute by 17 square feet of 
heating-surface, or 1,674 cubic feet of air raised 1 per minute 
by each square foot of the surface of the cockle. This is just 
7 times the eflfect produced by hot-water pipes (see Art. 99 and 
105) ; but in economy of fiiel it is inferior, being in the pro- 
portion of about 19 to 22. For a full description of the cocUe- 
stove, see chapter x., part i. 
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described, the principal difference being the 
limiting the admission of air by which the com- 
bustion is regulated, and by separating the burn- 
ing fuel more perfectly from actual contact with 
the heating surfieu^e of the stove, by which means 
the excessive heat of Dr. Nott's stove is in a great 
measure avoided. The plan used in these stoves 
for regulating the admission of air was, long pre- 
vious to its application by Dr. Arnott, employed 
for limiting tne intensity of the heat of furnaces ; 
for which invention Dr. Ure, some years since, 
obtained a patent. Dr. Amott's stove consists of 
an external case of iron, of any shape that fancy 
may dictate ; within this case a fii-e-clay box, to 
contain the fuel, is placed, having a grating at 
the bottom, and a space is left between the fire- 
box and the exterior case, so as to prevent, as 
much as possible, the communication of too much 
heat to the exterior case. The pedestal of the 
stove forms the ash-pit, and there is no com- 
munication between the stove and the ash-pit, 
exc^t through the grating at the bottom of the 
fire-box. A small external hole in the ash-pit, 
covered by a valve, admits the air to the fire, and 
according as this valve is more or less open, the 
vividness of the combustion is increased or 
diminished, and thence the greater or less heat 
produced by the stove. The quantity of air ad- 
mitted by this valve is governed by a self-regu- 
lating apparatus, either by the expansion and 
contraction of air confined by mercury in a tube, 
or by the unequal expansion of two bars of dif- 
ferent metals riveted together, on the plan pro- 
posed by Dr. Ure.* The smoke escapes through 

* Tliis ingenious and simple invention consists of two thin 
narrow bars, one of brass or copper, and the other of iron, 
about eighteen inches or more in length, riveted together at 
each end. On subjecting thiB oompoimd bar to heat, the 



286 abnott's stoyes. 

8 pipe at the back of the store ; very little smoke, 
however, is eliminated from these stoves, the fuel 
being always either coke or anthracite coal. By 
adjusting the regolator so as to admit only a 
small quantity of air, the temperature of the 
stove is kept within the requiim limits; and 
owing to the slow-conducting power of the fire- 
clay, of which the fire-box is formed, the heat of 
the fuel is concentrated within the fire-box, and 
the fuel bums with less air, and therefore more 
slowly than it would otherwise do. This slow 
combustion of the fuel, however, produces a large 
quantity of carbonic oxide, which is liable to 
escape mto the room, and being a strong narcotic 
poison, is attended with considerable danger to 
those who breathe it. The escape of this gas 
from these stoves has been experimentaUy ascer- 
tained by Dr. Ure, by attaching to the ash-pit of a 
stove a glass vessel containing a solution of sub- 
acetate of lead, which was speedily acted upon by 
the carbonic gas, and formed into the insoluble 
carbonate of lead.* Carburetted hydrogen gas is 
also frequently formed in these stoves, and many 
dangerous explosions have in consequence oc- 
curred, and many calamitous fires have been 
produced by them, and they require, therefore, 
to be used with the utmost caution. The endea- 
vours to prevent these explosions have hitherto 
been unsuccessful ; and so long as the principle 

brass expands considerably more than the iron, and the 
elongation of the bars causes them to open in the centre and 
recede from each other (formin*^ a bow), in consequence of 
their being riveted together at tboth ends. The greater the 
heat, the more the centres of the bars recede from each, other, 
or the greater the arc of the bow becomes ; and by combining 
together a series of these bars, almost any extent of motion 
may be obtained for the purpose of opening or closing valves 
or air-passages of furnaces or ovens. 

* Ure's " Dictionary of Arts," &c. ; art " Stove." 
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of the extreme slow combustion and small ad- 
mission of air is preserved, it will probably be 
impossible to prevent them occasionally taking 
place. They appear to arise from the infiam- 
mable ^ases generated during the combustion of 
the fuel, being detained in the stove and in the 
chimney, by the want of sufficient draught ; and 
they are particularly liable to occur when the 
chimney is very large, or if it consists merely of 
an iron pipe, and is much exposed to the cooling 
influence of the atmosphere. In such cases the 
heat which escapes into the chimney is insufficient 
to cause the ascent of the liberated gases ; they 
therefore collect in the stove, or in the chimney, 
and the explosive effects become visible whenever 
the air and the gases mix together in certain pro- 
portions. The compound thus formed is similar 
to the gas known in mines by the name of fire- 
damp ; and this mixture will explode whenever 
the carburetted hydrogen is not less than one- 
twelfth and not more than one-sixth of the whole 
mass. The explosion of carbonic oxide only takes 
place under particular circumstances ; but red-hot 
charcoal will cause it to explode when mixed in 
the proportion of two measures of oxide to one of 
atmospheric air;* and Dr. Dalton has remarked 
other circumstances imder which this gas may 
explode when mixed with atmospheric air, the 
carbonic oxide being not less than one-fifth, and 
the oxygen not less than one-thirteenth of the 
whole mixture.f Many plans to remedy these 
evils have been proposed, principally by the ad- 
mission of air above the fiiel as well as through 
the ash-pit in the usual manner ; but occasionally 
this increases the evil, during certain stages of 
the combustion, though generally the effect is to 

♦ Dr. Henry's *' Cliemistrj," vol. ii., p. 347. 
t Dr. Dalton'fl " Chemical Philosophy," p. 373. 
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increase the temperature of the stove so much as 
to render it extremely unpleasant, and liable to all 
the objections which exist against the old hot-air 
stoves. The immense number of serious accidents 
which have occurred fix)m these stoves ought to 
render those persons who use them extremely care- 
ful. The great source of danger arises from their 
&ncied security; and this erroneous notion has 
caused them to be placed in situations not suffi- 
ciently protected ; rfnd either by explosions, or by 
the stoves from accidental causes becoming red- 
hot, many buildings have been set on fire, and 
most serious damage sustained.* 

(3(>4.) A very excellent contrivance for a stove, 
which bums coal, and at the same time consumes 
its own smoke, was invented by Dr. Franklin, in 
the year 1771. Nearly a century previous to 
that time, M. Delesme,«a French engineer, de- 
scribed an exceedingly rude contrivance on a 
similar principle, which was afterwards mentioned 
by Dr. Leutmann in a work on stoves, published 
by him in Germany, in 1723. Dr. Franklin ex- 
pressly acknowledged that this stove of Delesme 
gave rise to his own invention. This stove is in 
the shape of a large vase, of which fig. 53 is a 
section, and it is fiuly described in Dr. Flranklin's 
works.f Near the bottom of the body of the 
vase a grating c is placed, on which the fiiel 

* The author is in possession of an extensive list of accidents 
caused by these stoves, some involving total destruction of the 
buildings, and many more of serious damage. In one of the 
former three lives were lost; and amone buildings totally 
destroyed is to be reckoned Okehampton Ohurch, and (almost 
beyond a doubt) the Armoury at the Tower of London ; Howth 
Castle, near Dublin; Larkfield House, Sussex; and a vast 
number of other private and public buildings have had narrow 
escapes from destruction from this cause. And wherever these 
stoves are used, the utmost caution ought to be observed to 
keep them insulated from everything of an inflammable nature. 

t Franklin's " Works," vol. ii., pp. 296—300. 



VASE STOVES. 289 

f ests, and the top A B opens 

for the purpose of supplying Fig^63. 

the fuel: d is a square box 

forming the pedestal of the 

stove, at the bottom of which 

another grate is fixed to allow 

the ashes to fall into the box 

E. This latter box is open at 

the back, and communicates 

with the hot-air passages// 



and g g^ through which the • |[2][7][r^^^^] ir7ir#]| 
heated gaseous matter given 
off from the fiiel passes before it enters the 
chimney. It will be perceived that the draught 
of this stove is doumwards ; that is, the air enters 
at a small hole, about one and a half inch dia- 
meter, at the top of the stove, passes through the 
fael in the vase, and escapes, together with the 
gaseous products of the fuel, through the pedestal 
D, the box E, and the hot-air passages// and g g. 
That portion of the fuel which lies on the grate o 
is always red hot ; and the smoke from any fresh 
fuel having to pass through this heated medium, 
is consumed, and the gases pass off in a clear and 
almost invisible state, so that no smoke lodges in 
the air-passages, or in the chimney. Like all 
stoves with a downward draught, the fire is trou- 
blesome to light in the first instance ; but when 
once lighted, it can be made to bum for almost 
any length of time without attention, by merely 
adjusting the opening at the top for the admission 
of air, and the consimiption of fuel is extremely 
small. 

This stove, with some slight alterations, has 
been brought before the pubhc on more than one 
occasion smce Franklin's time, as a new in- 
vention; and within the last four or five years 
it has been again brought forward with arrange- 

u 
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ments very decidedly inferior to those proposed 
by Franklin. As designed by him, this stove is 
tne best and most economical of its class, superior 
to Dr. Amott's stove in its equality of tempera- 
ture, economy of fuel, and permanence of action ; 
though like the latter, and all others of the same 
general character, the want of ventilation, and the 

Eeculiar effects produced on atmospheric air by 
ighly heated iron, render it undesirable for con- 
stant use in rooms for ordinary and domestic 
occupation. 

(305.) The application of a method of burning 
carburetted hydrogen or coal gas, for the produc- 
tion of artificial heat for warming buildings, is an 
invention of rather recent date. The apparatus 
in which this is effected is very simple. A 
metallic ring, pierced on its upper side with a 
great number of holes of very small size, is con- 
nected with a pipe communicating with the gas 
main, and is placed within a double drum or 
cylinder of iron, raised an inch or two from the 
floor on small legs. This double drum is so made 
that there is a space between the inner and outer 
cylinder of about two inches ; and in this space, 
near to the bottom, the ring pierced with holes is 
fixed. A stop-cock in the pipe connecting the 
pierced ring with the gas-main shuts off the 
supply of gas when the stove is not in use. On 
opening this cock, and applying a light to the 

Sierced ring, a brilliant ring of flame is imme- 
iately produced, which soon warms both the 
inner and outer case of the stove by the heat gene- 
rated during the combustion of the carburetted 
hydrogen gas. The top of the drum is covered 
with a large open ventilator, by which the heated 
air that passes through the inner cylinder is 
allowed to escape into the room ; but the products 
of the combustion, having no means of escape. 
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pass downwards from the bottom of the stove into 
the room. This having been found exceedingly 
unwholesome, a plan has been contrived by which 
a considerable portion of the products of the com- 
bustion are carried off by a pipe inserted between 
the two cylinders, which conveys away the gase- 
ous products into the open air. 

A moderate size stove of this descnption bums 
from 12 to 15 cubic feet of carburetted hydrogen 
gas per hour ; and this is converted into two new 
compounds — ^water and carbonic-acid gas. The 
quantity of water formed will be 2*6 cubic inches 
for each cubic foot of carburetted hydrogen, or 
about a pint to a pint and a quarter of water per 
hour ; and from 12 to 15 cubic feet of carbonic- 
acid gas, and eight times that quantity of nitrogen, 
will be the constant products of the combustion, 
and produce the most serious deterioration in the 
quality of the air. But when these gaseous pro- 
ducts are carried off by a chimney, the loss sus- 
tained will be very nearly one-halt the total heat 
which is produced by the burning of the gas. 

(306.) Dr. Dalton's experiments have proved 
that the combustion of one pound in weight of 
carburetted hydrogen generated suflGicient heat to 
melt 85 lbs. of ice. A cubic foot of this gas weighs 
292-89 grains ; and a stove burning 15 cubic feet 
an hour, for 15 hours a day, will consume 225 
cubic feet, or 9*41 lbs. of gas, which therefore 
would melt 799 lbs. of ice ; and the cost of this 
quantity of gas, at the present price of five 
shillings per 1,000 cubic feet, would be one 
shilling and three hal^ence. The latent heat of 
water being 140°, the same quantity of heat that 
would melt 799 lbs. of ice would heat 179*2 cubic 
feet of water 10°. And as one cubic foot of water 
will raise the temperature of 2,990 cubic feet of air 
as many degrees as the water loses (Art. 97), 

u 2 
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the combustion of 225 cubic feet of carburetted 
hydrogen gas would raise the temperature of 
535,808 cubic feet of air 10*. This, then, will 
be the total effect of a stove of this kind. But 
we find (Art 94), that 15*91 lbs. of coal will pro- 
duce exactly the same quantity of heat, the cost 
of which, at 21 shillings per ton, will be only 
about twopence, or, to allow for waste and im- 
perfect combustion, say the coal will cost three- 
pence ; it therefore appears tiiat the cost of fuel 
for a gas stove without a flue will be about five 
times as much as a hot-air stove that bums coal, 
and about ten times as much as for coal, if the gas 
stove has a flue for canying off the products of 
the combustion.* Sir John Robison, who did 
much to improve the gas stoves, and particularly 
in applying them to the purposes of cooking, in a 
paper read before the Society of Arts for Scotland, 
after describing some of his improvements, con- 
cluded by stating, ^^on the whole, it may be 
assumed that this mode of heating apartments is 
the most expensive, the least efficient, and, ex- 
cepting that by Joyce's charcoal stove, the most 
insalubrious that can be resorted to."t 

(307.) The stove invented by Mr. Joyce, for 
burning charcoal, has been so universally admitted 
as too unwholesome for use, that it would be 
ahnost unnecessary to describe it, wero it not for 
the vast interest it excited on its first announcement 
to the public. The stove consists of a thin metal 
case, generally in the form of an urn or vase- 
Through the bottom of this, there is a small pipe 
which rises for two or three inches into the hoaj 
of the stove, and terminates about the centre in a 
conical-shaped fimnel, closed at the top, and 
pierced fdU of holes. This pipe conveys air to 

* See note to Art. 66, ante, 

f Mechanici' Magazine, toI. zzxii., p. 292. 
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the Aiel ; and at the top of the store there ii a 
valve or regulator, by which the rate of combustion 
can be controlled ; for no more air will enter the 
lower pipe than is sujfficient to replace the volume 
of gas given off from the valve at the top of the 
stove. A small quantity of ignited charcoal being 
placed in the stove, the remaining space is filled 
up with charcoal not ignited ; ana the combustion 
is slowly carried on by the air, which enters at 
the lower pipe, and can be continued for a vast 
number of nours without any attention. The 
whole of the charcoal is converted into carbonic- 
acid gas, the effects of which are fatal to animal 
life. Little or no smell is emitted by these stoves ; 
the charcoal being deprived of its usual pungent 
quality by rebuming it thoroughly in a close 
oven, and quenching it while hot with an alkaline 
solution. Independent of all other considerations, 
these stoves areamost expensive mode of producing 
heat, owing to the high price which charcoal 
always bears in this country. 

These stoves are r^narkable chiefly for the 
extraordinary interest they excited on their first 
introduction to public notice. Before the speci- 
fication for the patent was enrolled, one of uese 
stoves was publicly exhibited for several weeks ; 
and probably no invention ever excited so much 
attention in so short a time ; as the nature of the 
fiiel and plan of combustion were strictly kept 
secret, and it was supposed a new era in the 

Production of artificial heatwas about tocommence. 
To sooner did the stoves come into use, however, 
than their deleterious effects were apparent. 
Several persons were suffocated by using them ; 
and the high anticipations which at first were 
entertained of them were quickly dissipated, and 
their use reduced within very narrow limits. 
(308.) An immense number of stoves have been 
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braught before the public during the last few 
years, of which the novelty consists in nothing 
out their names. To describe them would be 
useless. Like other ephemeral productions, they 
will mostly sink into oblivion, and probably be 
succeeded by others as devoid of originality. 
There is still room, however, for great improve- 
ments in the production of stove heat ; but, until 
the salubrity of the open firegrate can be com- 
bined with the greater economy of the close stove, 
there does not appear much probability of satis- 
fying the required conditions, as all which have 
hitherto been invented are deficient in one or other 
of these particulars. 

(309.) The same objections also, to a greater or 
less extent, apply to all the methods of heating by 
flues. The extremely unequal temperature of the 
flues causes an insurmountable objection to their 
general adoption, even if their great expense and 
difficulty of adaptation to dwelling-houses or pub- 
lic builoings did not operate against them. One 
of the best systems of flues was proposed a few 
years since, by Mr. Alfred Beaumont, in which 
the principal novelty consisted in the furnace 
being built above the flue, and having a down- 
wardf draught. By this means the smoke from 
the fire was nearly or quite consumed, and a 
very great evil of common flues thereby pre- 
vented; as the surface of the flues being by this 
means fi^e from soot, which is a non-conductor 
of heat, a more free distribution of heat took place 
than by the old flues, and the fire was also much 
more imder control. The principle, already de- 
scribed, for downward draughts applies equally 
to this plan. The furnace (in some cases) was 
merely a circular hole sunk in the floor, about two 
or three feet deep. The bottom, when in use, 
was a solid plate ; which was moveable, to take 
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away the ashes. About three inches from the 
bottom there was an entrance into the flue ; 
through this the flame and the products of com- 
bustion passed to the flues, and the fire being 
always bright at the bottom, the combustible 
gases from the fresh ftiel, by passing through this, 
were converted into other products, which did not 
deposit smoke. In other cases, a stove made of 
fire-clay was raised on the floor ; and the flame 
and heated gases passed into the flues, which 
formed the stone flooring of the room to be heated. 
In all these cases, the principle was the same; 
and several public buildmgs were heated on this 

Slan, which is probably the best of any system of 
ues. 

The Palmaise system of heating was, a few 
years since, a great favourite with some persons 
who anticipated from it results which a very 
slight acquaintance with true science would have 
shown to be utterly fallacious. This plan was in 
reality nothing more than the old mode of flue- 
heating, with a very slight modification in the 
form and construction of the furnace. The plan 
is now so completely abandoned, that it hardly 
merits more than a very casual description. The 
furnace was merely a plain square or oblong box 
of fire-brick, with a strong cast-iron plate form- 
ing the entire top ; and beyond this were the 
usual flues, such as ordinarily used in the old plan 
of heating green-houses. The only novelty, 
therefore, consisted in using a cast-iron plate to 
cover the top of the furnace ; and this plate be- 
coming intensely heated, the air was brought in 
a continued steam over it, thus imbibing heat in 
its passage into the room or building to be heated. 
It is useless to point out the defects of this plan ; 
they were numerous and palpable. It combined 
all the defects of the old flue system, added to 
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those of the cockle-stove, and others peculiar to 
itself, arising from its primary construction, which 
rendered it so liable to accident and derangement 
that it was found utterly valueless for any prac- 
tical purpose. Its name wais derived from a small 
town in Scotland, where this particular form of 
flue-heating was first used; and its supposed 
cheapness of construction obtained for it at first 
man^r advocates, who, however, shortly found 
that its want of durability rendered it unsuitable 
for general use, while in other respects it was 
decidedly inferior to the old system of heating by 
flues. 
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CHAPTER IIL 

ON THE CHANQES PRODUCED IN ATMOSPHERIC AIR, BY 
HEAT, COMBUSTION, AND RESPIRATION. 



Neoeesity for Yentilatioii — Constitution of the Atmosphe 
Ventilation first proposed in Sixteenth Centurj—* Subse- 
quent Inventions for Ventilating — ^Effects of Contaminated 
Air on the Human Frame— fleets of Climate on Health 
and Longevity — Cause of Miasmata — ^Effects of excessive 
Moisture and Excessive Dryness of the Atmosphere — Be- 
spiration : its Products and Effects — Impure Air — Carbonic- 
acid Gas — ^Vapour from the Body — ^Effect of Diminished 
Pressure— Eleotrio Condition of the Air — Production of 
(hone — ^Decomposition of Extraneous Matter in the Air — 
Effects of Hydrogen, Carburetted Hydrogen, and Carbonic 
Cxide — Quantity of Air required for Ventilation — ^Import- 
ance of the Air to Animal and Vegetable life. 

(310.) Probably no subject connected Tnth the 
health and vigour of the mind and body deserves 
more and receives less attention than the con- 
dition of the internal atmosphere of our houses 
and apartments. Attempts are indeed occa- 
sionally made to introduce some system of venti- 
lation in public buildings, but they are &r more 
frequ^itly unsuccessfiil than otherwise, in conse- 
quence of the arrangements not having formed 
any part of the original plan, and being mere 
additions of a very imperfect character. In 
private dwellings, however, ventilation appears 
never to be considered as at all necessary ; but if 
the contaminations and impurities that are fre- 
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queiitly contained in the air, which forms the 
pabulum vitce of human beings, could be seen by 
the eye, in the same way as contaminations or 
impurities in ordinary alunentary food, the evil 
would not be endured for even the smallest period 
of time. 

(311.) The real constitution of the atmosphere has 
been known, comj)aratively, but a short time ; the 
experiments of Priestley, Scheele, and Lavoisier, 
in the latter part of the last century, having first 
made known its true nature. More than twenty 
centuries previously, however, Hippocrates wrote 
so justly on the immense importance of breathing 
pure air, of the great influence which it exerted on 
health and longevity, and laid down such excellent 
rules upon the subject, that few writers, even of 
the present day, appear to have more correct 
notions of the vast and important effects which 
the air produces on the human frame, than were 
possessed by this ^eat Either of medicine.* 
Agricola, however, in the sixteenth century, 
appears to have been the first writer on artificial 
ventilation ; he having recommended the ventila- 
tion of mines by producing a current of air by 
fire, much in the same manner as has been prac- 
tised in the ordinary ventilation of mines ever 
since his time. Notlung of any considerable im- 
portance occurred after this, until Desaguliers, in 
1727, proposed a ventilating pump, f which some 
years afterwards Dr. Hales ^ applied in a better 
manner, and to a considerable extent, in the 
ventilation of ships, hospitals, prisons, and other 
places, which were found to be imwholesome by 
confined air. In 1734 Desaguliers invented a 

♦ " Hippocrates," lib. *'De Aere, Aquis, et Lodbs." 
f Fhilosophieal TVaiuaetwM, 1727, vol. xzzt., p. 353. 
X Ihxd,, 1743; and Dr. Hales ^'OnYeiLtUatora." London, 
1748. 
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centrifugal ventilating wheel, or fan ; and in 
1739 Sutton proposed a j)lan of ventilating ships, 
which consisted in drawing the air required for 
the combustion of the fuel in the ship's cooking 
apparatus, through pipes leading from the hold, 
and other confined places,* precisely on the same 
plan that has been repeatedly adopted since his 
time, and has also been applied to the present 
Houses of Parliament. Since the time of Hales, 
many plans have been proposed for ventilating 
builoings, but they are mostly modifications of 
one or the other of the methods here described, 
and these methods, if properly applied, are amply 
sufiicient to accomplish all that is required. 

(312.) Few persons have any notion of the vast 
consequences which result from impure air; and 
how seriously the dui'ation of human life is affected 
by want of proper attention to this important sub- 
ject. Dr. James Johnson, f speaking of the effects 
of impure air, says, '' that ague and fever, two of 
the most prominent features of the malarious in- 
fluence, are as a drop of water in the ocean^ when 
compared with the other less obtrusive but more 
dangerous maladies that silentlv disorganise the 
vital structure of the human fabric, under the 
influence of this deleterious and invisible poison; " 
and experience proves that multitudes shorten 
their Kves by breathing impure air, and many 
more lay the foundation of diseases, accompanied 
by years of pain and sorrow, by neglectmg to 
avau themselves of the bountiral provision of 
nature, which spontaneously affords to all who 
choose it an imlimited supply of this important 
element, and requiring merely an unrestricted 
and fr^e passage to diffuse itself abundantly in 
every direction. 

•* Fhilosophieal TranMctioM^ 1742, vol. zlii., p. 42. 
t " Diary of a Philosopher." 
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(313.) The powerful effects which axe produced 
on the animal mnetions by certain deletenoxis gases 
are very imperfectly known, as they are generally 
found in so diluted a state as to render their action 
slow and almost imperceptible. But to be aware 
of their real nature and influence, we should see 
their effects in a more concentrated form. Dr. 
Christison, in his work on Poisons, Quotes from 
Hall^ a description of the effects of the gases 
from the fo9Be d^Aisance of Paris, on those who 
inhale them; and Dr. Kay gives the following 
account of them in his work on Asphyxia.* 
^^ Often the individual exposed to them perishes 
in a moment, his head and arms falling, and the 
trunk being doubled up from the instantaneous loss 
of muscular power. If death does not immediately 
occur, the victim, when he recovers frora the first 
effects of this exposure, is affected with pains in 
the head, nausea, fainting fits, severe pains in the 
stomach and limbs, and constriction of the throat. 
Sometimes he utters involuntary cries, or lapses 
into delirium, accompanied with the sardonic 
laugh and convulsions, or tetanus ensues. The 
face is pale; the pupil dilated and motionless; 
the mouth filled with a white or bloody froth; 
respiration convulsive ; the pulsation of tne heart 
irregular ; the skin cold ; until at length complete 
asphyxia and death terminate the scene of suffer^ 
ing.'' The gases which produce these effects are 
combinations of ammonia, sulphuretted hydrogen, 
and nitrogen : and all these gases are oecasionally 
to be found m the contaminated air of close ill- 
ventilated rooms, though of course in smaller 
quantities. The effects of climate are of the same 
kind. The impurity of the air in certain localities 
produces the most frightful results. Cretinism, 

* Dr. Kay's "Physiology and Treatment of Asphyxiay" 
p. 326. 
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although its cause is not positively ascertained, is 
ascribed by medical writers to confined air and 
other agencies ;* and so frightful and revolting is 
this state of degeneracy of both body and mind, 
that Dr. James Johnson's description of the disease 
fiilly realizes the character which he has given it, 
that " Goitre (or the enlarged neck), on such a 
scale as we see in the Vallais, is bad enough ; but 
Cretinism is a cure for the pride of man, and may 
here be studied by the philosopher and physician 
on a large scale, and in its most frightftd colours."! 
The picture is almost too frightful to copy, and is 
only second to his description of another scourge. 
Pellagra, arising fix)m the same cause, which 
afficts nearly one-seventh of the inhabitants of 
the Lombardo-Venetian Plains,! and the wretched 
victims of which rot away in a state so painful 
and disgusting, that the description absolutely 
sickens the reader, and prepares him for the an- 
nouncement that multitudes of these wretched 
beings end their state of hopeless misery by 
committing suicide, which they generally do by 
drowning. 

(314.) The statistical reports laid before Par- 
liament by the War Office, on the sickness and 
mortality of the troops of the United Kingdom 
stationed in different parts of the world, prove 
most clearly the immense effect upon human life 
produced Dy small and almost inappreciable 
differences in the quality of the atmosphere. For 
on the same class of persons performing the same 
duties, and placed as nearly as possible in the 
same circumstances, the average mortality varies 
in different parts of the world from 1*37 per cent. 

* Dr. Hawkins's "Medical Statistics," p. 198. 
f Dr. James Johnson's " Gliange of Air ; or, The Pursnit of 
Health," &c., p. 56. 
X Ibid., p. 76. 
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per annum to 66-83 per cent, per annum ; or the 
mortality is nearly forty-nine times as great in 
some localities as in others.* The morbific 
influence of certain gaseous emanations fi*om the 
earth, in various parts of the globe, is well known. 
" The banks of the Nile about Sennaar," says 
Bruce, " resemble the pleasantest part of Holland 
in the summer season ; but soon after, when the 
rains cease, and the sun exerts his utmost influence, 
the dora begins to ripen, the leaves to turn yellow 
and to rot, the lakes to putrify, smell, and be ftdl 
of vermin, and all this beauty suddenly disappears 
— ^bare-scorched Nubia returns ; and all its terrors 
of poisonous winds and moving sands, glowing 
and ventilated with sultry blasts, which are fol- 
lowed by a troop of terrible attendants — epilepsies, 

* These reports present the result of twenty yeaars* observationy 
and were laid before Parliament in the years 1838, 1839, and 
1840, being respectively for " The West Indies," " The United 
Kingdom, the Mediterranean, and British America;" and 
" Western Africa, the Mauritius, &c." The following list is 
extracted from these reports, and gives the mortality per cent, 
per annum, among white troops only, exclusive of native troops : 





Per Cent. 




Per Cent 


British Guiana . 


. 8-4 


Sierra Leone 


. 48-3 


Trinidad . 


. 10-63 


Cape Coast Cctstle 


. 66-83 


Tobago 


. 16-28 


St. Helena . 


. 3-3 


Gh*enada 


. 6-18 


Cape of Ghood Hope 


. 1-37 


fit. Vincent's 


. 6-49 


Cape of Gk)od Hope, 


Barbadoes . 


. 6-85 


Frontiers 


. 0-98 


St. Lucia . 


. 12-28 


Mauritius . 


. 2-74 


Dominica . 


. 13-74 


Ionian Islands . 


. 2-52 


Antigua, &c. 
St. Kitts . 


. 4-06 


New Brunswick . 


. 1-47 


. 710 


United Kingdom 


. 1-4 


Jamaica 


. 1213 


Canada 


. 1-61 



These interesting reports give many particulars relating to 
the dimate of each place. The principal characteristic of 
Sierra Leone and Cape Coast Castle is the extreme humidity 
of the atmosphere. In the year 1828 upwards of 313 inches 
of rain fell in three months at the former place ; and in the 
following year the quantity was 144^ inches in six months ; 
but owing to the registers being imperfect, the annual mean 
quantity has not been exactly ascertained. 
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apoplexies, violent fevers, obstinate agues, and 
lingering and painful dysenteries, still more 
obstinate and mortal."* So pestilential is this 
spot, that " no horse, mule, ass, or any beast 
of burden will breed or even live at Sennaar, 
or many miles round it. Poultry does not live 
there. Neither dog nor cat, sheep nor bullock, 
can be preserved a season there. They must all 
go every half-year to the sands."t t^r. James 
Johnson's graphic account of the Campagna di 
Roma,:{: and its poisonous exhalations, and Signer 
Graetano Giorgini's account of some other pesti- 
ferous localities,§ give a sufficient idea of the 
effects of apparently small corruptions of the 
atmosphere. And these accounts, to which vast 
numbers of others might be added, all prove how 
very small an alteration in the constitution of the 
atmosphere materially affects the health of all who 
expose themselves to its influence. Professor 
Daniell has lately ascertained some facts, which 
render it probable that many of the localities 
desolated by malaria owe their unwholesomeness 
to small quantities of sulphuretted hydrogen, 
produced by decomposition of the sulphates 
contained in sea-water by decayed vegetable 
matter. II 

(315.) We have seen the effect of climate on 
the military, by the returns jfrom the War Office, 
already alludea to. The duration of life among 
the inhabitants of different countries is not less 
remarkable. The average deaths annually, through- 

* Brace's " Travels," vol. vi., p. 387. 

fiWrf., vol. vi., p. 381. 

\ Dr. James Johnson's ''Change of Air," Ac, pp. 117 and 
219. 

§ Ann. de Chimte, vol. zziz. ; also, London and Edinburgh 
Fhilosophieal Magasiine, vol. xix., p. 15. 

II Daniell " On Sulphuretted Hydrogen," &c. ; London and 
Edinburgh Philowphiedl Magazine^ vol. xix., pp. 1 — 19. 
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out England and Wales, are in the proportion of 
one for erery sixty inhabitants; and they vary 
in every country,* being nearly three times more 
nomerous in some parts of Europe, than in England. 
Very remarkable differences occur also in lo<a^ties 
differing but yery little from each oth^r. M. 
Quetelet, in his celebrated work on Man, states, 
in reference to the effects of climate on the duration 
of life, that the deaths annually in the different 
localities are as follow : — 

Departemeiit de TOnie . 

yy de Fuiisterre 

Province of Namnr . . 

„ of Zealand ) 
(Netherlands) ) 

This great excess of mortality in the last-named 
place, M. Quetelet attributes to the extreme and 
constant humidity of the atmosphere, which pro- 
duces an immense number of fevers and other 
maladies.t The observations of M. Bossi also 

•Dr. Hawkins, in his '< Medical Statieties," jpp. 3a--74, 
ffiree the following average of the annual deaths in different 
localitiefl :— 



I death in ereiy 53-4 inhabitanta. 
1 „ Sii-4 

1 „ 61-8 

1 » 28-5 



England 


1 in 60 


Naples . 


. 1 in 28 


Pays de Yand 


1 in 49 


Leghorn 


i 1 in 35 


Sweden . 


lin48 


London 


. I in 40 


Holland 


1 in 48 


Manchester 


. 1 in 74 


France ... 


1 in 40 


Birmingham 


. 1 in 43 


Prussia . 


1 in 35 


Paris and Ly 


ons . 1 in 32 


Kingdom of Naples 


lin35 


Strasbnrg&Bf 


KTcelona 1 in 32 


Wirtemberg . 


linSS 


Berlin . 


. Iin34 


Bussia . 


lin41 


Madrid 


. Iin29 


Venetian Provinces 


1 in 28 


£ome . 


. 1 in 25 


United States . 


1 in 40 


Amsterdam . 


. Iin24 


Nice . . . 


lindl 


Vienna 


. 1 in 22^ 



This average for England, which is stated to extend to the 
year 1821, does not qnite agree with more recent oeJcnlationB^ 
founded on the Beport of the Begistrar-General ; and the differ- 
ence probably arises from some variations in the mode of taking 
the averages. 

t Qaetelet ** Sur I'Homme, et le D6velom)ement de ses 
Facultesy" &c.; ajiA London StaMieai JowmM, vol. i., p. 176. 
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confirm this opinion ; for, by dividing the De- 
partement de VAin into four districts, he found the 
deaths annually to be as follow :* 

In the Mountainous Parts . 1 death in every 38*3 inhabitants. 

On the Banks of the Bivers 1 ,, 26*6 ,, 

On the lerel Farts sown ) , ^A-a 

with Com ) ^ » ^^^ 

In Parts interspersed witli ) • on q 

Ponds and Marshes . j ^ " ^" ^ '» 

And it can be shown that, in England also, the 
rate of mortality follows nearly the same ratio, 
from the same causes :t and in the reports on the 
mortality among troops already alluded to, the 
excessive unwholesomeness of some particular 
districts is attributed entirely to the excessive 
moisture of the atmosphere, particularly when 
accompanied by high temperature. All jpnysiolo- 
gists have agreed as to the injurious eflfects of a 
heated atmosphere saturated with moisture. Hip- 
pocrates, by a comparison of the prevailing diseases 
with the state of the weather, and particularly as 
respected the moisture of the air, drew conclusions, 
which the observations of succeeding ages have 
fiilly confirmed. Excessive dryness, however, not 
less than an extraordinary degree of moisture, 
equally destroys the salubrity of the air ; though 
the diseases produced by these opposite states 
ariB, as might be imagined, of a very different 
character.} The monsoon, or rainy season of 
India, the campsin, or southerly wind of Egypt, 
and the simoom, or hot wind of the Asiatic con- 

* landon Statistical Journal, vol. i., p. 177. 

f Dr. Buckland, at a public meeting (March, 1844) stated 
that in the parish of St. Margaret's, Leicester, containing 
22,000 inhabitants, one part was effectually drained, some 
parts partially so, and others not at all. In the latter the 
average duration of life is 13^ years, while in those parts par- 
tially drained the average duration is 22^ years. 

J Dr. Arbuthnot, " On the effects of Air on Human Bodies;" 
and Dr. Paris, " Pharmacologia," vol. i., p. 197, 325, &c. 

X 
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tinent, more rapidly destructive than either of the 
others, and which sometimes strikes down its 
victims with instant death, are some among the 
numerous instances which might be adduced to 
prove the eflfects of various excessive degrees of 
heat, moisture, and diyness of the air, upon the 
animal system. 

(316.) The effects produced on the hygrometric 
condition of the air by various modes of artificial 
heat are of much importance. Dr. Ure has de- 
scribed* the result of his examination into the 
effects produced upon a great number of the gen- 
tlemen in the Long Room of the Custom House, 
London, arising from the use of the powerful hot- 
air or cockle-stoves, used for heating that esta- 
blishment. He found they were all affected with 
the same sensations and complaints ; tension or ful- 
ness of the head, flushings of the countenance, fre- 
quent confusion of ideas, remarkable coldness and 
languor in their extremities, feeble pulse, and other 
sensations of an unpleasant character. The stoves 
he foimd were frequently red hot, and the air pass- 
. ing over them was sometimes heated to 110°, and 
was thereby rendered intensely dry. The animal 
and vegetable matters floating in the air were de- 
composed, and imparted a disagreeable smell to the 
atmosphere. This apparatus was found to be so 
pernicious that it was removed, and a different 
mode of heating adopted. But these effects, de- 
scribed by Dr. Ure, are by no means uncommon. 
The author examined a school heated in the same 
manner ; and it was found to be so pernicious to 
the health of the children, that they occasionally 
dropped off their seats in fainting fits ; and when 
this did not occur, they suffered so much by the 
debilitating effects of the intensely heated atmo- 
sphere that they constantly required the relief of 
* Philosophical Transaetions, June, 1836. 
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going for a few minutes into the fresh air. The 
usher of the school, a strong healthy young man^ 
also suffered in the same way ; and on one occa- 
sion he fainted away in the school-room, and it 
was with difficulty that animation was restored. 
These pernicious effects, though generally in a 
somewhat less degree, always result from the use 
of intensely heated metallic surfaces. They are, 
however, much modified by tempering the air by 
the evaporation of water. In Russia and Sweden, 
the Apennines, and other places, where close 
stoves are used, an earthen vessel of water is 
always placed on the stove for this purpose, and 
greatly mitigates the oppressive effects which 
would otherwise be experienced. The desiccating 
power of the air increases with its temperature, 
to a very great extent. Air at 32** contains, when 
saturated with moisture, yS^th of its weight of 
water ; at 59**, it contains Ath ; at 86**, it contains 
Ath ; its capacity for moisture being doubled by 
each increase of 27** of Fahrenheit.* But when 
air is heated artificially, without being in contact 
with water, it is prevented from acquiring this 
additional quantity of vapour, and it then pos- 
sesses a harsh and arid feel, the effects of which 
we have already seen. This extreme aridity of 
the air causes it rapidly to absorb moisture from 
the skin and lungs of persons exposed to its influ- 
ence; and the evaporation, by its refrigerating 
effect, contracts the blood-vessels at the surface, 
while other parts, not being exposed to this influ- 
ence, become in consequence surcharged with the 
fluids which are repelled from the extremities.t 

(317) A comparison of the dew-point of the 
air, made at those seasons of the year which are 

* Leslie " On Heat and Moisture," p. 123. 
f TJre"On Ventilation," &c. : Philosophical Transaetions . 
1836. 

X 2 
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the most salubrious and agreeable, shows that, in 
rooms artificially heated, the most healthy state of 
the atmosphere will be obtained when the dew- 
point of the air is not less than 10^, nor more than 
20** Fahrenheit, lower than the temperature of the 
room. When these limits are exceeded, the air 
will be either too dry or too damp for healthy and 
agreeable respiration ; and attention to the hygro- 
metric condition of the air woidd, perhaps, tend 
more to the amelioration of that nimierous class 
of pulmonary complaints which so peculiarly dis- 
tinguish the inhabitants of this country, than any 
other remedial measure. 

(318.) The decreased consxmiption of oxygen, 
when a highly heated atmosphere is breathed, is 
also another circumstance which exerts consider- 
able influence on health. The experiments of 
Seguin, Crawford, and De la Roche,* on this sub- 
ject, show that, under these circumstances, the 
blood is not so thoroughly decarbonised, as when 
a colder atmosphere is breathed ; and this, as we 
shall presently have occasion to show, quickly 
operates on the nervous system, affecting the 
animal functions as well as the mental faculties. 
In winter fully one-eighth more oxygen is con- 
sumed, than m the summer during the same 
period, f 

(319.) The contamination of the air, produced 
by respiration and by artificial heat and com- 
bustion is very considerable. Wide-spreading as 
are the consequences of the malarious influences 
of climate, the effects produced by the contamina- 
tions of the air, by the causes now to be described, 
are scarcely less extensive, though less capable of 
being numerically determined; and as the pro- 
gress of civilization causes larger numbers of 

* Muiray'a *' ChemiBtry," vol. iy., p. 480. 
f Liebig's "Animal Chemifltry," pp. 16, 17. 
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persons to congregate together, the necessity for 
attending to these effects becomes continually of 
greater importance. 

(320.) Respiration is a never-ceasing and most 
extensive source of contamination of the air, and 
the theory of its operation has long engaged the 
attention and divided the opinions of physiologists. 
The opinion held by some of the most eminent is 
that inspiration is involuntary, being caused by 
the pressure of the air on the lungs ; while expi- 
ration is the effort of the lungs to discharge the 
air after it has been changed in its nature, and 
become hurtftil to them.* The effects produced 
by breathing over again a portion of this mephitic 
air depends upon the constitution of the indi- 
vidual who is exposed to its influence, and upon 
the amount of the contamination which the air nas 
sustained. Considerable differences exist in the 
expmments which have been made upon the 
changes produced by respiration on atmospheric 
air : but this is unavoidable, on account of the 
very different capacity of the lungs of different 
individuals, and also in consequence of the mephitis 
itself differing in the same individual during the 
various stages of digestion, exertion, or repose, 
and according to the nature of the ingesta which 
he receives. 

The contamination of the air is produced not 
only by respiration but by animal exhalations, 
which are given off by both the lungs and the 
skin. That which is produced by respiration is 
chiefly by the formation of carbonic-acid gas, and 
by the vapour which is exhaled from the lungs. 
The proportion of both the vapour and the car- 
bonic-acid gas has been variously estimated by 

* Blumenbach's " Institutes of Physiology," by Eliotson, 
p. 84. 
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different experimentalists. Dr. Prout* has col- 
lected together the results of the different experi- 
menters on the quantity of carbonic acid given off 
in respiration. His own experiments give a mean 
of about three and a half per cent, as the quantity^ 
expired by himself, and four and a half per cent, 
when his experiments were made on another 
person. Sir Humphry Davy's estimate is about 
four per cent. ; Menzies, five per cent. ; Mr. Murray, 
six per cent. ; Allen and Pepys, eight per cent. ; 
Dr. Fife, eight and a half per cent. ; Goodwin, 
and also M. Jurin, ten per cent. But Dr. Prout 
has shown that the quantity varies greatly at 
different periods of the day, and th^t the maximum 
quantity is given off about noon, up to which 
period it gradually increases from the beginning 
of twilight ; and after noon it as gradually de- 
creases till evening, and is at its minimum during 
the night, t Some recent and extensive experi- 
ments have confirmed these results generally; 
but it appears the times of maxima and minima 
depend principally on the state of digestion and 
the periods of taking food. J 

The quantity of vapour given off from the 
lungs has also been very variously estimated. Dr. 
Menzies calcidated it at six ounces ; Mr. Abeme- 
thy, nine ounces ; Sanctorius, eight ounces ; and 
Dr. Hales, twenty ounces in twenty-four hours ; § 
and the average is supposed to be about three 
grains per minute. The amount of vapour given 
off from the skin was found by Thenard to vary 
from nine to twenty-six grains per minute. Keil 
found it to amount to thirty-one ounces in twenty- 
four hours, or ten and a half grains per minute. 

* Annals of Philosophy y vol. ii., p. 336. 

t Ibid., p. 330. 

t London and JSdinhurffh Philosophieal Magazine^YoV xIt., p. 401. 

§ Dr. Paris's "Medical Chemistry," p. 316. 
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Seguin ascertained that it varied from eight to 
tTveniy-four grains per minute; and it is generally 
considered that the average quantity is about ten 
grains per minute, which agrees wifli the experi- 
ments of Lavoisier. 

(321.) It is also found that the quantity of 
oxygen consumed in respiration varies with the 
state of exertion or repose. Lavoisier found that by 
a man, while engaged in strong muscular exertion, 
compared with the same individual while in a 
state of repose, the consumption of oxygen was 
as 32 to 14. It is also ascertained that the quan- 
tity of oxygen consumed in respiration exceeds 
the bulk of carbonic-acid gas which is expired 
from the lungs ; the remainder unites with the 
hydrogen derived from the food, and forms the 
vapour given off from the lungs and skin : and 
these proportions differ so greatly with the nature 
of ,the food, that while some animals expire a 
quantity of carbonic acid equal to that of the 
oxygen consumed, others do not expire more 
than half as much carbonic acid as the oxygen 
consumed would produce.* 

(322.) Notwithstanding these differences of opi- 
nion among physiologists respecting various points 
connected with respiration, there are certain randa- 
mental facts which are agreed upon, that we shall 
find amply sufficient for the illustration of the sub- 
ject before us. 

(323.) The quantity of air admitted into the 
lungs varies in different individuals, and even in 
the same individual at different times, being 
greatly influenced, as already stated, by the 
relative amount of exertion or repose. Some 
experimentalists have estimated that as much 
as 800 cubic inches of air enters the lungs per 
minute ; but it is more generally supposed to be 
* liebig's " Animal Chemistry," p. 26. 
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about 330 cubic inches per minute under ordinary 
circumstances :* and this air, after passing through 
the lungs, returns charged with carbonic-acid gas 
and vapour of water, as abeady stated. 

(324.) Whenever the same portion of air is 
breathed a second time, a gteat sensation of un- 
easiness is experienced. This arises from several 
causes. The quantity of oxygen contained in the 
air, when in its natural state, varies from 20*68 to 
21-12 per cent;t but it is found impossible to 
separate the whole of this oxygen by respiration, 
on account of the affinity which exists between 
the gases ; and, however often the air is breathed, 
only about one-half of this quantity of oxygen can 
be separated from it. If, therefore, the process of 
respiration consumes (in forming the carbonic acid 
and the vapour) a quantity of oxygen, varying 
from six to eight per cent., by merely passing the 
air once into the lungs, it is evident that but very 
little can be afterwards abstracted by any further 
process of respiration. J Carbonic-acid gas con- 
tains its own volume of oxygen ; therefore, when 
any deficiency of oxygen occurs, the proper quan- 
tity of carbon cannot be given off from the lungs 
— ^a process which is absolutely indispensable for 
the preservation of life. 

(325.) The physiological effects of a deficiency 
of oxygen are very remarkable. When the lungs 

* Menzies and Goodwyn estimate the quantity of air taken 
into the lungs, at each inspiration, at 12 cubic inches ; Jurin, 
at 20 ; Ouvier, at 16 or 17 ; Davy, at 15 ; and llLomaon, at 33. 
—(Dr. Kay, ** On Asphyxia," p. 123.) The number of inspi- 
rations in a minute, ELaller considers to be about 20 ; Men- 
zies, 14, Davy, 26 or 27 ; Dr. Thomson, 19 ; and Majendie, 15. 
—(Dr. Paris's "Medical Chemistry," p. 315.) 

t Dalton *'0n the Atmosphere:" London and JEdinhurgh 
Philosophical Magazins^ vol. xii., p. 402. 

J See the experiments of Messrs. Allen and Pepy's, Philo- 
iophical l^ansaciions, 1808 ; and Nicholson^ s Journal, vol. xxii., 
p. 204. 
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are not sufficiently supplied with oxygen, sangui- 
fication ceases to be performed ; and the arterial 
blood retaining the dark colour of venous blood, 
circulates in tMs state through the system. BichUt 
proved by experiments,* that when venous or 
dark-coloured blood is injected into the vessels of 
the brain through the carotid artery, the functions 
of the brain are immediately disturbed, and in a 
very short time cease entirely; the heart instantly 
loses its motion, and death speedily follows. 
Bich&t considers the effect of the venous blood 
circulating through the brain to be similar to the 
action of a narcotic poison ; and this takes place 
when the air is impure, and does not perfectly 
oxygenate the blood. When the lungs receive 
impure air, imperfectly oxygenated blood is cir- 
culated through the brain, producing a cessation 
of the fimctions of that organ, by which respira- 
tion is immediately affected, and the heart ulti- 
mately ceases to act. Sir B. Brodie also found 
by experiments made with various active poisons,t 
that when the action of the brain is impeded by 
other causes than that produced by the blood, a 
similar residt obtains: for the instant the brain 
loses its action, respiration stops, the heart gra- 
dually &ils of its power of contracting and pro- 
pelling forward the blood, and death speedily 
ensues. But it has been found that, after the 
brain has ceased to act, if an artificial respira- 
tion of pure air be produced, and continued for a 
short tmie, the functions of the brain will be 
restored, and the animal ultimately recovers. 

(326.) The effects so speedily experienced by 
some persons in close and ill-ventilated rooms 
are by these experiments easily accounted for. 
Headache is usually the first sensation of un- 

* Bich&t ^^Eeoheiehes x^ysiologiques box la Vie et la Mort" 
t Philoiophieal TramMctiwu, 1811 ; pp. 36 and 178, et $eq. 
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easiness which is experienced ; and the succeed- 
ing sjnnptoms of languor, uneasy respiration, 
faintness, and syncope, are all clearly referrible 
to the same cause as that which produced in 
Bich&t's experiments the cessation of the vital 
functions. These effects always result from 
breathing air containing any considerable quan- 
tity of carbonic-acid gas.* When the quantity 
of this gas is very considerable, it produces such 
a painml irritation of the epiglottis, as imme- 
diately causes it to close spasmodically on the 
glottis, and thus prevents the entrance of the gas 
mto the lungs; but this also prevents the en- 
trance of the atmospheric air, and thus produces 
immediate suffocation. 

(327.) Physiologists are divided in opinion as 
to the precise nature of the action on the human 
frame, exerted by carbonic-acid gas. Sir Hum- 
phry Davy, Dr. Christison, Dr. Bird, and Dr. 
Pans appear to consider that it acts as a strong 
narcotic poison. Dr. Thomson, and some others, 
entertain a different opinion, and think it only 
acts on the animal economy by preventing the 

{)roper quantity of oxygen from entering the 
ungs, and thence producing suffocation. 

(328.) The greatest proportion of carbonic-acid 
gas which may be breathed with impimity has 
not been exactly determined, and opinions re- 
specting it are very various. But it is evident 
that a given quantity of the gas produced by re- 
spiration or combustion will reduce the propor- 
tion of oxygen in atmospheric air to a much 
greater extent than the same quantity of carbonic- 
acid gas added by simple mechanical mixture. 
For, in the formation of a given quantity of car- 
bonic-acid gas, either by combustion or respira- 

* Eeport of BritiBh Scientifio Association, 1839, p. 108. 
Experiments by Coathupe. 
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tion, exactly the like volume of oxygen is 
consumed — carbonic-acid gas being a compound 
of one volume of gaseous carbon united to one 
volume of oxygen ; therefore, by these modes of 
forming carbonic-acid ^as, we both reduce the 
quantity of oxygen, and increase the quantity of 
carbonic acid; and it has been estimated that 
two per cent, of carbonic-acid gas produced by 
combustion, deteriorates the air as much as 10 

S3r cent, added mechanically by simple mixture.* 
ut in ill-ventilated rooms this is by no means the 
only cause of the oppression and inconvenience 
which are experienced. The vapour given off from 
the lungs and from the skin forms a very impor- 
tant source of contamination ; and, being charged 
with animal effluvia, its effects in contaminating 
the air are very considerable. The baneful effects 
of the mephitic exhalations from animal respira- 
tions are not confined to the human frame. The 
glanders, of horses; the pip, of fowls; and a 
peculiar disefuse to which sheep are subject, all 
arise from the bad air generated by their being 
too closely crowded together ;t and m no case can 
animals lie confined in a vitiated air for any length 
of time, without serious injury residting, although 
the effects may be shown in various ways. In 
ordinary cases the contamination is insufficient to 
produce these violent and fatal effects; but the 
slow and insidious effects of a less deteriorated 
atmosphere are matters of far more importance 
than most persons believe ;$ and we have already 
seen, by the unerring evidence of statistical facts, 
how fearfully human life is shortened by even the 

* The Zancety for December, 1838. 

t Paris, " Medical Chemistry," p. 309. 

X Some most excellent observations on this subject may be 
found in Dr. Combe's ** Prindplea of Physiology," 4th edition, 
pp. 2d&--238, and 244—248. 
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smallest conceivable differences in atmospheric 
and climatic influences. 

(329.^ The quantity of vapour given off from 
the booy (which, we nave already seen, averages 
about Iz or 14 grains per minute) is greatly in- 
fluenced, not only by the different degrees of 
muscular exertion and repose, but also under the 
ever-changing hygrometnc condition of the at- 
mosphere : for the greater the quantity of vapour 
which the air contams, the less will the air be able 
to carry off from the human body. For the air 
possesses a desiccating power on tne human body; 
but, of course, that power is lessened in propor- 
tion as it is nearer to the point of saturation. 

(330.) The ht/gromeiric condition of the atmo- 
sphere is ascertained by the dew-point* The 
lower the dew-point, tne greater will be the 
quantity of moisture carried off from the lungs 
by the air in respiration ; and therefore less w3l 
be given off by perspiration from the skin, than 
when the dew-pomt is higher. This is often the 
case in very cold weather, when a large quantity 
of vapour is carried off from the lungs, and but 
little by perspiration. When air is respired from 
the lungs it is nearly of the temperature of the 
blood, which is 98"" Fahrenheit; and it is then 
charged with a large quantity of vapour. K we 
ascertain the quantity of vapour wnich the air 
contains when expired, and deduct what it pos- 

* The dew-point is that thennometrio temperatore of the 
atmosphere at which yapoor is condensed. JBy exposing a 
cold body to the air, a nne dew is dej^osited on its sarface, 
and bj observing the temperature of this cold body, we know 
the exact quantity of vapour contained in the air at that time. 
Warm air contains a larger quantity of vapour than that 
which is colder ; for air has the property of taking up water 
in solution in a quantity proportional to its temperature. The 
Table 11., Appendix, shows tibe quantity of vapour that the 
air contains when the dew-point is obtained in this manner. 
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seBsed before it was inhaled, we shall learn the 
amount given off by the lungs ; the quantity of 
air breathed per minute bemg known. ISfow, 
suppose the temperature of the air, before it is 
inhaled, to be 40^, and the dew-point 30** ; as 330 
cubic inches of air is the average quantity breathed 
per minute, ^ of a grain* of vapour will be re- 
ceived into the limgs with the air per minute. 
But when the air is again expired, the tempera- 
ture will be 98®, and the dew-point is always 
found to be 94®; it will then contain 3*07 grains 
of vapour in the 330 cubic inches ; so that up- 
wards of two and a half grains per minute are 
given off from the lungs under these circum- 
stances. But if the dew-point of the air before it 
is breathed be 60% which is frequently the case 
in damp or warm weather, then a less quantity of 
vapour will be given off in the same time. Dr. 
Dalton states that, in the torrid zone, the dew- 
point sometimes rises to 80®, and that even in 
this country it occasionally reaches to 60®, while 
in winter it is sometimes below zero. This 
easily accoimts for the variable quantity of mois- 
ture which is exhaled from the body and lungs at 
different times. 

(331.) The atmosphere, during damp weather, 
when it is frequently nearly in a state of satura- 
tion, is unable to carry off the ftdl Quantity of 
vapour from the body. This causes the oppres- 
sive sensation that is so often experienced imder 
such circumstances; and the slightest exertion 
causes the perspiration to condense upon the 
surface of the body, and a degree of heat is 
experienced much greater than the simple ther- 
mometric temperature would occasion. 

(332.) Although the carbonic-acid gas given off 
from the lungs is rather more than 37 per cent. 
* See Table II., Appendix. 
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heavier than the oxygen which is consumed; 
still in consequence of the dilatation of its volume 
by the increased heat, and the greater levity of 
the vapour given off from the lungs, the air is 
epecifically lighter at the moment of its expiration 
than at its inspiration. For 800 cubic inches of 
pure air at the temperature of 60°, and the dew- 
point 40°, will weigh 243-395 grains; but 800 
cubic inches of air at 95°, containing eight and a 
half per cent, of carbonic-acid gas,* and 5-6 
grains of vapour, with the dew-point 85°, will 
only weigh 232*450 grains ; being nearly five per 
cent, lighter. Hence air, when expired from the 
lungs, always rises upwards, and will flow through 
ventilators m the ceiling, or the upper part of the 
walls of a room, if such be providea for its escape; 
but otherwise, the vapour condenses, and the 
volume of the air collapses as it cools; it then 
becomes heavier than tne substrata of air, and 
sinks to the lower part of the room, contaminated 
with impurities. 

* The quantity of carbon given off from the lungs being so 
oonsiderable, we cannot wonder that the subject of its origin 
has been a deeply disputed question. Supposing 26 cubic 
inches of carbonic-acid gas to be given off from the lungs per 
minute on an average, that quantity will contain 3-3 grains of 
pure carbon, which in 24 hours wlil amount to 11 ounces. 
Besides this, if the quantity of vapour &om perspiration and 
pulmonary transpiration be taken at 10 grains per minute for 
the former, and three grains for the latter, they wiU an^ount 
to 42 ounces in 24 hours, making the vapour and carbon 
together amount to nearly 3*3 lbs., besides other excre- 
mentitious matter from the body. Some other source, then, 
besides the food, must exist for obtaining the matter which 
supports vitality, and this probably is the air. Liebig has 
shown {Animal Chemistry, p. 287), that a man takes in with 
his food about 13*9 ounces of solid carbon daily; and that 
the more food he consumes, the greater quantity of oxygen he 
inspires. It has been ascertained by Dr. Prout, that a 
vegetable diet diminishes the quantity of carbonic-acid gas 
given off| and, of coursoi reduces the quantity of oxygen 
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(333.) The sensation of uneasiness produced by- 
breathing impure air is an indication of the in- 
jurious effects that result from it, which is too 
often neglected. When the air is not sufficiently 

Eure to effect the complete decarbonization of the 
lood, we have seen that the result is the circula- 
tion of venous blood through the brain ; the re- 
spiration then becomes impeded, and the nervous 
system deranged ; the extent of these effects, of 
course, varying with the amount of the exciting 
cause, and with the peculiar constitutions of the 
individuals exposed to their influence. Dr. 
Harwood remarks on this subject, '* The want of 
wholesome air, however, does not manifest itself 
on the system so unequivocally, or imperatively ; 
no urgent sensation being produced, like that of 
hunger, and hence the greater danger of mistaking 
its indications. The effects of its absence are only 
slowly and insidiously produced; and thus, too 
frequently, are overlooked imtil the constitution 

consumed ; because carbonic-acid gas contains exactly its own 
bulk of oxygen, united to the given weight of pure carbon. 
The accuracy of Dr. Front's experiments has been confirmed 
by divers, and persons making use of the diving-bell. In all 
hot climates also, where from the rarefied state of the air, less 
oxygen is received at each inspiration them in the higher 
latitudes, the inhabitants feel but little desire for animal K)od, 
and use principally a vegetable diet ; while, on the contrary, 
the inhabitants of the Arctic regions use animal food almost 
exclusively. Dr. Bichardson, who accompanied Capt. Frank- 
lin on his voyage of discovery to the Polar seas, says that 
himself and the other individuals who composed the expe- 
dition, never felt the slightest wish for vegetable diet, but 
desired the most stimulating animal food, and in much larger 
quantities than they had ever before been accustomed to. In 
such a climate, in consequence of the coldness and density of 
the atmosphere, the quantity of oxygen inhaled is much 
greater than in warmer regions, and therefore allows the 
ktrger quantity of carbon to be carried off, which the dieting 
on animal food produces. These results, therefore, accord 
with Dr. Front's experiments. 
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is generally impaired, and the body equally en- 
feebled."* 

(334.) The diminished pressure of the air in in- 
habited rooms, caused by rarefaction, by chimney- 
draughts, or by exhaustion of the air by mechanic^ 
means for the purpose of ventilation, has been sup- 
posed by some physiologists to produce consider- 
able effects on tne health of persons exposed to its 
influence. It cannot, indeed, be doubted that a 
diminished pressure of any considerable extent 
would be productive of great inconvenience, and 
cause considerable derangement of the animal 
economy. But the diminution of pressure from 
these causes seldom exceeds a quantity equal to 
about Tiv of an inch of the common mercurial 
barometer, and generally it does not reach ^ of an 
inch. The ordinary fluctuations of the .barometer 
produced by meteorological causes, amounts to 
upwards of two inches and a half in the altitude 
of the mercurial column ; and this difference is 
not found ffenerally to produce any remarkable 
effects on the animal functions — ^a difference of 
pressure so very far exceeding anything which 
can occur in consequence of the rarefaction of the 
air in an ordinary room, that it cannot be con- 
ceived possible that this is the cause of the patho- 
logical effects which are experienced by persons 
much confined within doors. 

The extremely small differences of pressure 
which occur by the rarefaction of the air m inha- 
bited rooms by heat and ventilation, can only be 
detected by experiments with the differential 
barometer. But the natural differences of pressure 
which occur in many parts of the world are very 
great. At Mont Louis, in Roussillon of the Pyre- 
nees, one of the highest of the inhabited parts of 

* Harwood's *' OuratiTe Influence of the Southern Coast of 
England," p. 282. 
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Europe, the mean height of the barometer is only 
24-65 inches,* which is more than five inches 
below the standard mean height in London ; and 
many other places might be named where the 
pressm'e of the atmosphere is much reduced below 
our own standard. Some physiologists, indeed, 
have been of opinion that the inhabitants of places 
and districts, of which the height above the level 
of the sea is such as to cause a pressure consider- 
ably less than ours are subject to peculiar diseases 
arising from this cause. Even the comparatively 
small differences which occur in the several parts 
of our own island have been supposed toproduce 
very marked pathological effects. Dr. Harwood 
has written at large on this subject;* and Drs. 
Wells, Darwin, Beddoes, and CuUen, and also 
Mr. Mansfield, have given similar opinions. From 
the facts they have collected, it appears that the 
inhabitants of high situations, where the atmo- 
spheric pressure is, of course, reduced, are more 
liable to pulmonary consumption than those re- 
siding in low, and even in marshy districts. But 
whether these effects are attributable or not to 
a diminished atmospheric pressure, the small 
difference which is caused by rarefaction and 
ventilation, wholly inappreciable as it is by the 
ordinary test of tne barometer, can scarcely be 
supposed capable of producing any important 
results : while we possess the most ample evidence, 
that in the vitiated atmosphere, and altered hygro- 
metric condition of the air, there exists abundant 
cause for the languor and deficienc3r of vital 
energy which are so frequently experienced by 
persons exposed to their influence. 

* Kirwan " On Temperature,'* p. 89. 

* Harwood ^'On the Curative Influenoe of the Southern 
Coast of England." 
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(335.) Another cause, however, exists, which 
probably exerts far greater influence than that 
arising from altered pressure ; a more accurate 
knowledge of which would enable us to account 
for frequent apparent anomalies in the sensations 
experienced in buildings which are artificially 
heated. The electric condition of the air, and its 
influence on the nervous system, are subjects 
apparently of the highest importance ; but unfor- 
timately our knowledge at the present time is so 
imperfect on this interesting and important branch 
of science, and almost daily experience of new 
discoveries convinces us we have still so much to 
learn respecting it, that it is difiicult at present 
to assign to this a^ent its due place among the 
operative causes, which undoubtedly combine to 
render many methods of artificial heat peculiarly 
prejudicial to the animal economy. 

(336.) Experiments of a very extensive character 
have shown that the electric state of the atmosphere, 
when no peculiar disturbance takes place, is 
always of that kind which is known by the name 
ot positive or vitreous electricity. The* quantity of 
electricity contained in the air appears to be far 
greater than is generally supposed, as the experi- 
ments of Mr. Crosse, Mr. Sturgeon, and Mr. 
Weekes, clearly show.* The quantity undergoes 
diurnal variations, there being two maxima and 
two minima in twenty-four hours ;f the greatest 
quantities being a few hours after sunrise, and 
after sunset ; and the smallest quantities being 
just before sunrise, and again a few hours before 
sunset — or, as some suppose, about mid-day and 
midnight, 

* Noad's " Electricity,^' pp. 89—102. 

\ Ibid., p. 99; Daniell's "Chemical Philosophy," p. 253 
Schubler's "Researches:" Quarter^ Journal of Scitnce, vol. 
ii., p. 416. 
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(337.) The experiments which have been made 
on the electric state of the air of close and ill- 
ventilated rooms, have shown that in these cases 
the electric condition of the air is reversed, and 
that instead of being positively electric, the elec- 
tricity of the air is of that kind which is called 
negative or resinous electricity. This subject has 
generally excited so little attention, that but few 
experiments have been made upon it ; and the 
causes of interference are so numerous, that it 
requires much delicacy both in the instruments 
and in the manipulation to arrive at satisfactory 
conclusions. The similarity of the effects produced 
on the human frame under these circumstances, 
compared with the effects which are frequently 
experienced during the passage of thunder-clouds, 
when the air is generally negatively electric, or 
else in a constant state of oscillation oetween the 
positive and negative, also leads to the conclusion, 
that the electric state of the air of close rooms 
performs a very important part in the production 
of those unpleasant effects which are generally 
-experienced in such cases. In the natural state 
of the atmosphere, the earth is always foimd to be 
negatively electric with respect to the air (the air 
itself being positively electric), and of course all 
conducting bodies in communication with the 
earth are in a similar electric state. But when 
the air also becomes negatively electric, the earth 
still retains its original condition, and the human 
body thus becomes charged with electricity ; the 
air m this condition being \mable to carry off the 
electricity, as would be the case with a moderately 
moist atmosphere positively electric. The body 
in this case receives a charge of electricity similar 
to what is called the electric bath, produced by 
placing the person on a glass stool, and commu- 
nicating a charge from an electric machine. The 

Y 2 
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effects of the electric bath, when it is continued 
for a considerable time, are similar to those which 
result from the atmosphere of close rooms — 
headache and nervousness. Drowsiness, which 
is another frequent consequence of close rooms, is 
produced by a different cause, arising from the 
imperfect arterialization of the blood circulating 
through the brain, as we have already seen (Art. 
325). Whatever therefore increases the positive 
electricity of the air, also relieves to a considerable 
extent the unpleasant effects of close, ill- ventilated, 
and highly-heated rooms. Evaporation of water, 
and, at certain periods of the day, vegetation, both 
tend to relieve the oppressive effects of close rooms ; 
and both are known to produce positive electricity 
of the air.* So greatly does evaporation affect 
the electric condition of the air, that the diurnal 
variation in the quantity of electricity follows 
nearly the same course as the exhalation of 
moisture, and evaporation is considered to be the 
principal source ot atmospheric electricity, f But 
evaporation, by adding to the moisture of the air, 
also renders it a good conductor of electricity ; 
while dry air, on the contrarj'-, is an extremely 
bad conauctor ; and hence it follows, that evapo- 
ration of water in a highly-heated and desiccated 
atmosphere must produce salutary effects, in re- 
lieving the unpleasant effects experienced in close 
rooms. It must not, however, be understood, 
that adding moisture to the air is at all times 
desirable. Sometimes the air may be deteriorated 
by any additional moisture, and the proper quan- 
tity of moisture is a question of great importance 
on health, as the fluids from the body cannot be 
carried off if the air be too moist ; while, on the 

* Thomson *' On Heat and Electricity," pp. 440 and 602. 
t Noad's «' Electricity," pp. 92 and 100. 
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other hand, the electric condition of the body will 
be disturbed if the air be too dry. 

(338.) The disturbance of the electric condition 
of the air certainly adds another link to the chain 
of causes which produce the unwholesome and 
depressing efltects of ill-ventilated rooms. Dr. 
Faraday* considers that the deterioration of the 
air under these circumstances ^^ depends as much 
or more on matters communicated to the air by 
the living system, as by any direct injury to the 
air due to the deficiency of oxygen or presence 
of carbonic acid ; " and as electricity is produced 
by every change of state, both respiration and 
the vaporization of the fluids of the body must 
produce considerable effect upon tlie electric con- 
dition of the atmosphere of rooms, where large 
numbers of persons are congregated together. It 
is also probable that other causes of deterioration 
of the air may be discovered ; for various reasons 
appear to point to the existence of a distinct sub- 
stance being found mixed with atmospheric air 
when analytically searched for under these cir- 
cumstances. Dr. Faraday has on more than one 
occasion alluded to the probable discovery, that 
some new substance may be formed in atmo- 
spheric air under the circumstances we are con- 
sidering; and all that is known respecting the 
formation of ozone renders it highly probable 
that to this newly discovered agent in chemistry 
many of the injurious effects of close rooms and 
a contaminated atmosphere are referrible; and 
that most important results to the animal system 
are produced by it, even when it exists m the 
smallest possible quantities, "f And we may look 

* '' Report of Select Committe on Ventilation of Houses of 
Parliament," p. 21. 

f Faraday's "Lectures on Non-Metallic Elements," 
delivered at the Royal Institution ; with Notes, &c., by Scroffem 
(1853), pp. 105—116. 
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to the further discoveries in ozone or ozonized oxygen^ 
for an elucidation of many of the effects which 
have hitherto baffled philosophers in accounting 
for various phenomena produced by gaseous influ- 
ences on the animal functions. 

(339.) The preceding remarks will enable us to 
estimate the comparative wholesomeness of various 
methods of distributing artificial heat. Many of 
these methods are highly injurious to the animal 
economy, and cannot be persevered in without per- 
manent derangement of the health of those who 
are exposed to their influence. 

(340.) There are always suspended in the air 
myriads of particles of animal and vegetable mat- 
ter ; but these almost unheeded atoms possess a 
higli philosophical importance, however they may 
generally be disregarded. They are the evidences 
of the imceasing changes which the material world 
is continually undergoing — ^the irrefiragable proofs 
that the visible matter of the universe is slowly 
and almost imperceptibly passing through a series 
of transmutations, which affect both organic and 
inorganic nature. Many of these particles are 
easily decomposed by heat, and are then resolved 
into the various gases, either in their elementary 
or mixed state. Hence many of the methods of 
producing artificial heat are materially affected, 
as regards their wholesomeness, by the fact of 
their being able or not to decompose or chemi- 
cally alter these floating particles of matter. To 
this cause is mainly attributable the unpleasant 
smell produced by several modes of warming 
buildings by highly -heated metallic surfaces ; and 
we have already seen that the hygrometric and 
electric condition of the air is also altered by the 
same means. All the different descriptions of 
hot-air stoves are more or less liable to these 
objections ; as also the high-pressure system of 
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hot-water apparatua, and still more the cockle 
or hot-air furnaces. Dr. Nott's stoves, and also 
the Russian and German stoves, are subject to 
this inconvenience; and asphyxia is frequently 
produced in Russia by the use of these stoves.* 
The cockle or hot-air nimace is particularly liable 
to these objections ; for not only will it act power- 
fiilly in decomposing the floating particles of ex- 
traneous matter contained in the air, resolving 
them into sulphuretted, phosphuretted, and car- 
buretted hydrogen, with various compounds of 
nitrogen and carbon, but it will likewise decom- 
pose a portion of the vapour contained in the 
air, absorbing the oxygen and liberating the 
hydrogen. 

(341.) These various gases thus exhaled into 
the air cannot be breathed without considerable 
inconvenience. Signer Cardone made some ex- 
periments on breathing hydrogen gas. He in- 
naled 30 cubic inches, which is about one-ninth 

f)art of the total quantity of air contained in the 
ungs; and the almost immediate effects he ex- 
perienced were an oppressive diflSculty of breath- 
ing, and painful constriction at the superior orifice 
of the stomach, followed by abundant perspiration, 
tremor of the body, heat, nausea, and violent head- 
ache; his vision became indistinct, and a deep 
murmur confused his hearing. Some of these 
sjrmptoms lasted a considerable time, and were 
with difficulty got rid of. f Sir Humphry Davy 
tried the effect of inhaling carburetted hydrogen. 
He made three inspirations of the gas. "The 
first inspiration produced a sort of numbness and 
loss of feeling in the chest, and about the pectoral 
muscles. After the second inspiration, he lost all 
power of perceiving external things, and had no 

* Dr. Kay, " On Asphyxia," p. 344. 
t Anfiak ojf Science, vol. xzyiii., p. 149. 
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distinct sensation, except a terrible oppression on 
the chest. During the third expiration this feel- 
ing disappeared, and he seemed sinking into 
annihilation, and had just power enough to drop 
the mouthpiece fix)m his unclosed lips." The 
effects of this experiment lasted for several hours, 
producing excessive pain, extreme weakness, 
nausea, loss of memory, and deficient sensation. * 
Carbonic oxide is still more prejudicial in its 
action on the animal system. Sir Humphry 
Davy, on trying the effects of inhaling a small 
quantity of it, was seized with a temporary loss 
of sensation, succeeded by giddiness, sickness, 
and acute pains in different parts of his body, 
and it was some days before he entirely 
recovered; but Mr. Witter, of Dublin, who 
tried to repeat the experiments, was immediately 
affected with apoplexy, and was restored with 
difficulty-t 

This last-mentioned gas is generated by all 
stoves which are constructed so as to bum with a 
very slow draught; and Dr. Amott's stove has 
been found peculiarly liable to produce this 
deleterious gas, whicli escapes into the room 
through the ventilator in the ash-pit, and is ex- 
tremely unwholesome in small close rooms. The 
carburetted hydrogen is abundantly produced by 
the gas stoves, in consequence of a portion of the 
gas escaping unbumed from the stove ; and this 
unbumed gas, when combined with the large 
quantity of vapour which is produced by the com- 
bustion of carburetted hydrogen, as already de- 
scribed (Art. 305), renders these stoves peculiarly 
unwholesome. All these causes of deterioration of 
the air affect dififerent persons in very different 

* Davy's *' Besearches on Nitrous Oxide;" also Paris, ** On 
Diet," p. 296. 

t lire's " Dictionary of Chemistry," art. " Carbonic Oxide." 
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degrees ; but wherever the causes exist, the result 
wifl necessarily be derangement of the animal 
system, however robust the persons may be who 
are exposed to their influence; but, of course, 
the sensations will be soonest experienced by the 
delicate and the valetudinarian. 

(342.) It remains to estimate the quantity of 
air which is required to be changed by ventila- 
tion, in order to preserve the purity of the air 
when deteriorated by respiration and the exhala- 
tions from the human body. 

(343.) The quantity of air necessary for respi- 
ration is very much less than is required to absorb 
the vapour given off from the skin and from the 
lungs. The amount of vapour from this cause, we 
have already seen, is about 12 grains per minute, 
when the individual is not makmg any particular 
muscular exertions. If the temperature of the 
room be 60**, the air will absorb 5*8 grains of 
vapour per cubic foot ; but the average dew-point 
being about 45**, the air will previously contain 
3-5 grains ; so that each cubic foot of air will be' 
able to absorb only 2i grains of vapour. Under 
these circumstances the perspiration from the body 
will saturate 5 J cubic feet of air per minute. But, 
in estimating the quantity of air which is to be 
warmed in order to allow of suflBcient ventilation, 
this amount may be considerably reduced; be- 
cause, as 45** is the average dew-point for the 
whole year,* it will be much lower in winter and 
higher in summer, and probably will not exceed 
20** or 25** on an average, during the time that 
artificial heat is required. Every cubic foot of 

* This is for the neighbourhood of London. It varies of 
course in different places, and is much influenced by the pre- 
vailing "winds. An easterly wind travelling to us from the Con- 
tinent of Europe, and across the dry and arid countries of the 
Asiatic Continent, must necessarily part with much of its 
moisture, acquired from the Pacific Ocean, before it reaches us, 
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air will then absorb an additional quantity of 
about 3^ to 4 grains of vapour; and we may 
therefore estimate the quantity of air which is 
requisite to carry o£F the insensible perspiration 
at 3i cubic feet, and for the pulmonary supply 
a quarter of a cubic foot per minute, for eacn 
individual. 

This calculation is sufficient for estimating the 
quantity of air which in winter is required to be 
warmed per minute, as explained (Art. 105). But 
for the purpose of summer ventilation a larger 
allowance should be made. As the dew-point is 
much higher in summer, the air will absorb less 
moisture from the body, while at the same time 
the exhalations from the body are considerably 
greater in summer than in winter. For summer 
ventilation, therefore, from five to ten cubic feet 
of air per minute, for each person, ought to be 
changed, in order to maintam the purity of the 
room. 

(344.) Other causes of deterioration of the 
quality of the air exist, such as the consumption 
of oxygen and the elimination of extraneous 
gases by the burning of fires, candles, lamps, &c. ; 
but as all gases are capable of absorbing equal 
quantities of vapour, it follows that, when air has 
been deteriorated by these causes, so as to be less 
fit for respiration, it is still just as capable of 
carrying off the vapour from the surface of the 
body as pure air; and therefore no allowance 
neeos be made for these causes of vitiation. 

(345.) Some persons have calculated the quan- 

and therefore it will be to us a dry wind ; while, on the con- 
trary a westerly wind is always charged with a large quantity 
of moisturei absorbed during its passage irom the American 
Continent, across the Atlantic. Its passage over this ocean — a 
distance of 3,000 miles — occupies a period varying fix)m 3 to 
10 days, during which time it is constantly imbibing moisture 
from the ocean. 
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tity of air which is required for ventilation at a 
much greater amount than is here stated. Dr. 
Reid considers that ten feet per minute ought to 
be allowed for each individual; and in some of 
his experiments, at the House of Commons, he 
states that 30 cubic feet, and sometimes even 60 
cubic feet, per minute, has been allowed.* Such 
cases of extreme ventilation are by no means neces- 
sary ;| and although in the House of Commons, 
where these experiments were made, a larger pro- 
portionate amount of ventilation is requisite than 
in almost any other case, it is very difficult, if not 
impossible, to avoid the effect of draughts when 
such excessive ventilation is produced. In all 
ordinary cases also, the expense of providing 
such a great amount of ventilation would be an 
insuperable objection ; though, in such buildings 
as the Houses of Parliament, the expense is per- 
fectly unimportant, provided the desired object of 
an improved atmosphere be obtained. 

(346.) The important changes in the .chemical 
constitution of the atmosphere, which we have 
seen result from respiration, heat, and combus- 
tion, imperatively demand a constant change in 
the . air, in order to maintain its purity, and to 
enable it to support organic life. It would be 
difficult to describe this fact in more forcible 
language than that which formed the concluding 
lecture, at the EcoU de Medicine^ by M. Dumas, on 
*^ The Chemical Statics of Organized Beings." 
From this most interesting lecture some very 
short extracts can alone be ^ven ; but those who 
have the means of consulting the document at 

* Reports of the British Scientific Association, toI. yii., p. 131. 

t Wyman ** On Ventilation," p. 296, considers tliat in hos- 
pitals 20 cubic feet per minute is necessary to maintain proper 
purity of the air. 



332 RELATION BETWEEN 

large will derive both pleasure and instruction 
from its perusal.* 

" We have proved, in fact," says M. Dumas, 
" that animals constitute, in a chemical point of 
view, a real apparatus for combustion, by means 
of which burnt carbon incessantly returns to the 
atmosphere imder the form of carbonic acid ; in 
which hydrogen, burnt without ceasing, on its 
part continually engenders water; whence, in 
fine, free azote is incessantly exhaled by respira- 
tion, and azote in the state of oxide of ammonium 
by the urine. Thus from the animal kingdom, 
considered collectively, constantly escape carbonic 
acid, water in the state of vapour, azote, and 
oxide of ammonium ; simple substances, and few 
in mmiber, the formation of which is strictly con- 
nected with the history of the air itself. Have 
we not, on the other hand, proved that plants, in 
their normal life, decompose carbonic acid for the 
purposes of fixing its carbon and of disengaging 
its oxygen ; that they decompose water to com- 
bine with its hydrogen, and to disengage also its 
oxygen; that, in fine, they sometimes borrow 
azote directly from the air, and sometimes in- 
directly from the oxide of ammonium or from 
nitric acid, thus working, in every case, in a 
manner the inverse of that which is peculiar to 
animals ? If the animal kingdom constitutes an 
immense apparatus for combustion, the vegetable 
kingdom in its turn constitutes an immense appa- 
ratus for reduction ; in which reduced carbonic 
acid yields its carbon, reduced water its hydrogen, 
and in which also reduced oxide of ammonium and 
nitric acid yield their ammonium or their azote. 

*' If animals, then, continually produce carbonic 
acid, water, azote, oxide of ammonium — ^plants 

* Translated in the London and JEdinhurgh JPhilosophical 
MagatUney vol. xix,, p. 338, et seq. 
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incessantly consume oxide of ammonium, azote, 
water, carbonic acid. What the one class of 
beings gives to the air, the others take back from 
it ; so that, to take these facts at the loftiest point 
of view of terrestrial physics, we must say that as 
to their truly organic elements^ plants and animals 
spring from air — are nothing but condensed air." 

These views have been beautifidly investigated 
and explained in the lecture of IMf. Dumas, here 
alluded to, and also by M. Liebig, in his excellent 
works on animal and vegetable chemistry. The 
eflfects of animal respiration we have already ex- 
amined at some length. The respiration of plants 
is a subject of much interest to the horticulturist, 
although several points connected with it are still 
undecided, and remain matters of dispute even 
among men of the first rank in science. 

(347.) The effects of a factitious atmosphere are 
less injurious to vegetable than to animal life. 
Vegetables appear to have a power of accom- 
modating their functions, in some degree, to the 
nature of the gaseous elements by which they are 
surrounded. That solar light has a powerful 
effect on vegetables has long been acknowledged ; 
and under this influence they exhale large por- 
tions of oxygen and moisture. Dr. Daubeny has 
ascertained that the same action is produced in 
the absorption of moisture by the roots, and the 
exhalation of it by the leaves of plants, whether 
they are exposed to a strong li^ht, or with a 
smaller degree of light they receive a consider- 
able portion of radiant heat.* So powerful, 
indeed, is the action of li^ht, that M. CondoUe 
has found that plants, during the day, and when 
exposed to the light, are wholly uninjured by the 
action of gases, which quickly destroy them at 
night ; and even the application of chlorine and 

* Beporis of the British Scientific Jssociatian, vol. iv., p. 73. 
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'Other deleterious sabstanccs to the roots of plants 
is innocaoiis during the day, though they are 
presently destroyed by similar treatment at night. 
Sulphuretted hydrogen, nitrous acid gas, muriatic 
acid gas, and chlorine, were sererallv tried in 
this manner, with similar results in eacn case.* 

It has been generally supposed that plants 
exhale carbonic-acid gas during the night ; but 
this, by Dr. Dalton's experiments, appears doubt- 
ful : for he states that, by numerous analyses of 
the air of hothouses, he has always fomul it to 
contain during the day, as well as during the 
night, the same proportions of carbonic-acid gas^t 

The action of fruits on the air has been stated 
by M. Berard in his Essay, which received the 
prize from the French Academy of Sciences, to 
produce a constant elimination of carbon, under 
all circiimstances.j: This opinion has been con- 
troverted, and, as it is supposed, successfiilly, by 
M. de Saussure, who states that green fruit has the 
same influence on the air as the leaves have — ^the 
action of the former being rather less intense ; 
but, in proportion as the fruit ripens, its power to 
decompose carbonic-acid gas becomes feebler.§ 

Although it would appear that the purity of the 
air is not of so much importance to vegetation as 
it is to the animal economy, still, as many of the 
gases which are innocuous to plants during the day 
are deleterious to them in the night, it is necessary 
to prevent any considerable deterioration of the 
air, in order to preserve them in a healthy state. 
Hence it becomes an important matter, when it is 

* London and Edinburgh Philosophical Magazine^ vol. iv., 
p. 316. 

t ReporU of the British Scientific Association^ vol. vi., p. 58. 
X Annales de Chimie, vol. xvi., p. 152 ; and Quarterly Journal 
of Science^ vol. xi., p. 895. 

$ Quarterly Journal of Science, vol. xiii., p. 152. 
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an object to obtain finits and flowers of the finest 
descriptions, to employ only such means of pro- 
ducing artificial heat as do not eliminate extra- 
neous gases to the air ; and experience has proved 
that, smce the general introduction of the plan 
of heating buildings by hot water, horticulturists 
have found their plants to be more healthy and 
productive, than with the old methods of warming 
buildings. 

The general principles of physiology, which 
have here been discussed, will enable a correjct 
opinion to be drawn as to the effects on organic 
life of any method of producing artificial heat. 
It is not to any particular invention that these 
remarks apply — ^they equally affect all ; and when 
any new plans for heating buildings are brought 
under the public notice, it will be well for those 
who value their health to test the merits of these 
inventions by the general principles which have 
here been explained. That a vast amount of ill 
health, and great consequent physical suffering, 
is produced solely by ignorantly using noxious 
modes of artificial warming, is certain ; and it is 
really lamentable sometimes to see persons slowly 
and surely undermining their health by persisting 
in the use of some of these modem inventions, 
and thus sacrificing the greatest blessing which 
Heaven bestows on man, by wilfiil ignorance of, 
and even setting at defiance, those laws which 
bind man to the whole physical universe, and of 
which not even the smallest can be violated with 
impunity. 
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CHAPTER IV. 

. ON THE VARIOUS METHODS OF PSODUCINO 
VENTILATION. 

Bpontaneous and Mechanical Methods of Yentilation — Cause 
of Motion in Spontaneoos Yentilation — ^Velocity of Dis- 
charge — ^Effects of unequal height of Discharge Pipes — 
Defects in Ventilation of Churches — Proportions of Induc- 
tion and Abduction Tubes — Quantity of Air discharged 
through Ventilators — Ventilation by Heat and by Chimney 
Draughts — Mechanical Ventilation by Fans, Bellows, and 
Pumps — Quantity of Air discharged by these Means — 
Calculation of Power expended. 

(348.) The different modes of producing venti- 
lation may all be classed under two general heads 
— the natural and the mechanical. All the methods 
of spontaneous effusion, produced by the unequal 
density of two columns of air, whetner caused by 
chimney draughts or otherwise, belong to the 
former class ; while the various methods of venti- 
lating by fans, bellows, pumps, and other similar 
contrivances, belong to the latter class. Of these 
different modes, the mechanical is the most effec- 
tive ; the natural generally, but not always, the 
most economical. 

(349.) The primary force which produces motion 
in spontaneous ventilation is the difference of 
specific gravity of the two columns of air. If a 
column of air contained in a tube or chimney be 
heated, it expands according to an ascertained 
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law, applicable to all gaseous bodies, namely, 
that the expansion is eqnal to zh of its volume tor 
each degree of Fahrenheit that the temperature is 
raised from 32° to 212*^. If this column of air be 
10 feet high, and have its temperature raised 20*^, 
then it will expand ^, or A of its bulk ; so that its 
specific gravity would be diminished, and it would 
require a column of air 10 feet 5 inches high to 
balance a column of the external air 10 feet high, 
when the temperature of the latter is 20° lower 
than that of the former. But as the height of the 
heated column is limited by the height of the 
tube or chimney, which we suppose to be only 10 
feet high, the colder column presses it upwards 
with a force proportionate to this difference in 
weight, and with a velocity equal to that acquired 
by a body falling through a space equal to the 
difference in height that two columns of equal 
weight woidd occupy, which in this case is five 
inches. Now the law of gravitation is this: 
that the velocity of descent is relatively as the 
square root of the distance through which the 
body ialls ; and as a body falls 1 6a feet in a 
second (or 16 feet neglectmg the fraction), the 
velocity will be, agreeable to the well-known law 
of gravitation, equal to eight times the square 
root of the height of descent, in decimals of a 
foot ; or 2 -/ ^ . A, where g is the distance through 
which a fallmg body descends in one second of 
time, namely, 16*09 feet, and h the height of the 
descent.* 

In the case we have supposed, five inches is the 
height of the effective descent of the heavy column 
of air. This fall of five inches is equal to '416 
of afoot; therefore, by the rule, 2 -/ 16*09 x -416 
= 5-174 feet per second, or 310 feet per minute, 
will be the velocity with which the heated column 
* See Chapter V., Part 11. 
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of air would be forced through the tube or chimney 
under the circumstances we have supposed. If, 
therefore, the tube were one foot square, there 
would pass out 310 cubic feet of air per minute. 
This rate of efflux, however, is subject to certain 
corrections, on account of the contaminations 
which increase the specific gravity of the escaping 
air, and also in consequence of friction, arising 
from various causes, but more particularly in con- 
sequence of angular deviations in the tubes. In 
straight tubes the friction is found to be in all 
cases directly as the length of the tube, and 
inversely as the diameter. In general practice a 
deduction of from one-fourth to one-third of the 
initial velocity is necessary to compensate for 
these several eflfects, and to represent the true 
rate of efflux. The velocity of discharge per 
second through ventilating tubes, or chimneys, 
will therefore be found (after the diflference in 
height of the two columns of air has been calcu- 
lated in the manner already stated) to be equal to 
eight times the square root of the difference in height of 
the two columns of air in decimals of a foot : this num- 
ber reduced one-fourth, to allow for friction, and 
the remainder multiplied by 60, will give the 
true velocity of efflux per minute; and the area of 
the tube in feet, or decimals of a foot, multiplied 
by this latter number, will give the number of 
cubic feet of air discharged per minute. 

(350.) In calculating the rate of efflux of the 
air from any room or building, it is not merely 
the height of the room which must be considered, 
but the total height of the column of heated air. 
Thus, if the ventilating tube passes through 
another room or loft over the room to be ventilated 
before it discharges the vitiated air iuto the at- 
mosphere, the total vertical height from the floor 
of the room to the top of the tube is the eflfective 
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height of the column of heated air. If the tube 
in its course passes horizontally, this additional 
lenffth may be neglected in the calculation in all 
ordmary cases, as it makes no other diflference in 
the result except that of increasing the friction by 
so much additional length. The vertical height 
is that which alone governs the rate of the dis- 
charge, and the horizontal length of the tube is 
merely one of the fortuitous circumstances which 
slightly modify the result.* 

(351.) As the vertical height of the column of 
heated air governs the velocity of discharge in the 
ratio of the square root of the height of the column, 
it is necessary, if more than one ventilating tube 
or opening for the escape of the heated and 
vitiated air be made, that they shall all be similar 
in height, otherwise the highest vent will prevent 
the efficient acting of the lower one, and the dis- 
charge may even be less through the two tubes 
than it would be with the upper one alone. The 
cause of this apparently paradoxical effect is not 
difficidt of explanation. If we suppose a tube, 
open at both ends, to be filled with heated air, it 
is evident the velocity of the ascent will be pro- 
portional to the height of the tube and the excess 
of temperature of me air which it contains, the 
weight of the external air pressing the lighter 
column upwards, as already explained. But if 
another opening be made at the side of the tube, 
at one-half the total height, then this opening at 
the side will not emit any portion of the heated 
air, but will, on the contrary, admit a quantity of 
cold air ; and the velocity of its admission will be, 
like that of the cold air at the bottom of the tube, 

* This remark must be taken with its proper limitation, 
for cases may arise where the friction caused by the horizontal 
tube may become a very important element in reducing the 
velocity of the discharge. 

z 2 
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in proportion to the height of the heated colnmn 
of air in the tnhe aboye the opening. Now, as the 
column of air above this opening is only one-half 
the height of that above the former opening at the 
bottom of the tabe, the velocity with which the air 
enters it will be, compared to the velocity witii 
which it enters the opening at the bottom, as the 
square root of the height of the heated column of 
air above the respective openings. Both these 
openings will therefore admit cold air at the same 
time ; but, by the admission of the cold air at the 
middle of the tube, the temperature of the superin- 
cumbent atmosphere above the lower opening will 
be reduced, and the velocity with which the air 
enters the lower opening will therefore be dimi- 
nished ; the excess of temperature of the air in the 
tube being the primum mobile of the efflux. The 
interference of the different currents will Ukemse 
reduce the quantity of air discharged; and the 
total result will be that somewhat less air would 
be discharged under these circumstances than 
if the whole of the air had entered at the 
bottom. 

(352.) Precisely the same effects ss here de- 
scribed take place in the ventilating of rooms by 
openings of any height above the level of the floor. 
The highest opening alone will act as the abduc- 
tion tube, and all openings below this will act as 
induction tubes, reducing the discharge by lower- 
ing the temperature of the air in the upper part 
of the room, and also by causing in it counter- 
currents* Some modifications of this result will, 
however, occasionally occur, as, for instance, when 
the abduction tube is too small ; in which case, 
the next lowest opening will also act in carrying 
off the heated air. On the other hand, when 
the openings for the admission of cold air are 
too small in proportion to those for the egress of 
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the hot air, then the current of cold air will de- 
scend through part of the hot-air tube, and the 
hot air will ascend through the other part of the 
same tube. 

These effects are frequently very sensibly felt in 
churches and other buildings, wnere part of the 
ventilation is effected by means of the windows. 
The cold air entering at these windows generally 
descends upon the heads of those who are placed 
near them. The effect of this entering current is 
to lower the temperature of the vitiated air, which 
parts with a portion of its heat to the fresh air 
entering the building, and the vitiated air being 
heavier than fresh air of the same temperature, it 
falls by its greater specific gravity, and is again 
breathed by the persons assembled, instead of the 
pure air which they would have received, had the 
openings for the admission of the fresh air been at 
or near the floor of the building. 

No plan of ventilation can be worse than that 
just described, which, however, is the method 
adopted in a very great majority of churches and 
other large buildings. Notwithstanding this plan 
has obtained such extensive adoption, it is certain 
that it is opposed to every sound principle of 
science, and has had its rise in the most perfect 
ignorance of the physical laws; and no better 
proof than this needs be adduced to show how 
very little the true principles of ventilation have 
been studied, and how erroneous any conclusions 
on this subject are likely to prove that are not 
based on the known laws which govern the 
motions of fluids. 

(353.) In all the methods of ventilation, it is 
advisable to make the aggregate area of the open- 
ings that admit the fresh air larger than the 
aggregate openings for the efflux of the vitiated 
air. This becomes necessary notwithstanding 
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the increase of volume which takes place in the 
heated and vitiated air. If the opposite course be 
adopted, and the abduction tubes be larger than 
the eduction, then a counter-current takes place in 
the hot-air or ventilating tubes, and the cold air 
descends through them ; but by making the induc- 
tion tubes numerous, and of a large total area, 
the velocity of the entering current is reduced, 
and unpleasant draughts are avoided. It is also 
expedient to divide the entering current as much 
as possible ; for by so doing it prevents the dan- 
gerous effects of cold draughts, when the enter- 
ing current is colder than the air of the room ; 
and when it is hotter than the air of the room, it 
prevents the air from rising too rapidly towards 
the ceiling, and therefore distributes it more 
equally throughout the apartment. Provided the 
aggregate openings for the admission of cold air 
be not less in size than those for the emission of 
the heated air, the quantity of air which enters 
a room depends less upon the size or number of 
the openings which admit the fresh air than upon 
the size of those by which the vitiated air is 
carried off. This will be evident when it is con- 
sidered that, the room being always absolutely 
full of air, no more air can enter until a portion 
of that afready in the room be removed. But as 
soon as a portion of the air which previously 
occupied the room is removed, a similar quantity 
of fresh air rushes in to supply its place, the 
quantity entering being exactly equal to that 
which escapes.* The onljr exception which occurs 
to this rule is the slow interchange among the 

* This description, perhaps, scarcely gives the exact droum- 
stances of the case ; for in spontaneous ventilation a small 
portion of the cold air will enter before any discharge takes 
place from the room ; for it is the compression produced by 
the fresh air entering which causes the heated air to flow 
out. 
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particles of air which takes place, according to 
the laws of gaseous dififusion, through the lower 
as well as the upper openings of the room, and 
which continues so long as any inequality exists 
either in the specific gravity or in the composi- 
tion of the gajseous matter. 

(354.) The following Table will show the dis- 
charge per minute through a ventilator one foot 
square, for various heights and differences of tem- 
perature, the allowance which has already been 
stated (Art. 349) having here been made. The 
discharge through a ventilator of any other size 



Table XXVJJI. 

Table of the Quantity of Air, in Cubic Feet, discharged per 
Minute through a Ventilator of which the Area is one 
Square Foot. 



] 

Height 


EzoesB of Temperature of Boom above the 

External Air. 


Ventilator, 














in Feet. 


5» 


10» 


15« 


20^ 


25« 


30» 


10 


116 


164 


200 


235 


260 


284 


15 


142 


202 


245 


284 


318 


348 


20 


164 


232 


285 


330 


368 


404 


25 


184 


260 


318 


368 


410 


450 


30 


201 


284 


347 


403 


450 


493 


35 


218 


306 


376 


436 


486 


531 


40 


235 


329 


403 


465 


518 


570 


45 


248 


348 


427 


493 


551 


605 


50 

1 


260 


367 


450 


518 


579 


635 



*^* The above Table shows the discharge through a venti- 
lator of any height, and for anj difiPerence of temparature. 
Thus, suppose the height of the ventilator, from the floor of 
the room to the extreme point of discharge, to be 30 feet, 
and the difference between the temperature of the room and 
of the external air to be 15°, then the discharge through a 
ventilator one foot square will be 347 cubic feet 'per minute. 
If the height be 40 feet, and the difference of temperature 
20°, then the discharge will be 465 cubic feet per mintUe, 
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may easily be calculated, because, as the area is 
here 144 square inches, we have only to multi- 
ply the number of feet found by the Table by 
the number of square inches in -the area of the 
proposed ventilator, and then, by dividing that 
number by 144, the quotient will be the quantity 
sought, which will represent the number of cubic 
feet of air that will be discharged per minute by 
the proposed ventilator. 

^355.) As the discharge through any given 
height and size of ventilator is less in proportion 
as the diflference between the external and in- 
ternal temperature is smaller, it follows that it 
will be most difficult to obtain ventilation in hot 
weather. In summer, either the number or the 
dimensions of the ventilators should be increased ; 
otherwise a room which is well ventilated in win- 
ter will be extremely uncomfortable in summer. 
The increase in size can be effected by having 
moveable ventilators, which can be contracted at 
pleasure; and the actual size of the trunk or 
channel which conveys the air away shoidd be 
sufficiently large to carry off the greatest quantity 
of air required for summer ventilation. 

(356.) The method of spontaneous ventilation 
which has been described requires, in every ca^e, 
that the air of the room to be ventilated shall be of a 
higher temperature than the external air. In very 
hot weather, and with crowded assemblies, this 
method is generally insufficient to secure a whole- 
some and comfortable state of the atmosphere. 
But artificial means have long been in use for 
increasing this effect. This is accomplished in 
two ways : either by heating the air in the upper 
part of the ventilating tube, which causes it to 
ascend with greater rapidity, and thereby to draw 
it out of the room or building ; or by causing the 
air of the building to pass through a fiimace, 
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from which all other supply of air is excluded. 
Both these plans have been extensively used, and 
both answer the intended purpose. The principal 
theatres in London are ventilated by the former 
method, advantage being taken of the heat of a 
large chandelier placed near the ceiling in the 
centre of the house. The heat of this chandelier 
causes a great rarefaction of the air and increases 
the draught; and it thence passes out through 
tubes into the open atmosphere, the building being 
supplied with fresh air from below. The method 
of ventilating by causing the vitiated air to pass 
through a furnace has also been long and exten- 
sively employed.* In many manufactories, this 
method is economically applied, where fire-heat is 
used either for steam-engines or other purposes. 
All that is necessary is to conduct the air from 
the rooms requiring ventilation, through tubes, 
into the ash-pit of the fiimace, all other supply 
of air to the ash-pit being prevented ; and the 
draught of the fire causes a rapid abstraction 
of air from the building, which is immediately 
supplied by fresh air, and produces a thorough 
ventilation. 

(357.) The most extensive application yet made 
of this principle has been by Dr. Reid, for the 
ventilation of the temporary Houses of Parliament, 
For this purpose a large chimney was erected, with 
a furnace of proportionate size, and the air was 
drawn oflF fit)m the ceilings of the buildings with 
great rapidity, pajssing through a tunnel into the 

* In 1739, Mr. Sutton proposed this plan of ventilation ; 
but Dr. DeseLguliers, in 1723, appears to nave adopted a plan 
somewhat similar for ventilating the House of (Commons 
(Desagulier's Experimental Philoeophy yYcL ii., p. 560); though 
in realitj the invention of applying fire-heat to produce a 
draught of air was long prior to either of these dates, and was 
first proposed by Agricola, in the sixteenth century. (See 
Chapter ni, Part if. ). 
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bottom of the fiimace, and thence through the 
fire. The quantity of air thus withdrawn is 
governed by the force of the fire. In this case it 
is very great, for by means of this furnace the 
whole air in the Blouse of Commons could be 
changed in a very few minutes. 

(358.) The ventilation of the old House of Com- 
mons was, for many years, a subject of complaint, 
and it engaged the attention of many practical 
and scientific men. The apparatus which was 
erected for this purpose in the temporary House 
of Commons appears, however, to be a most ex- 
pensive and cumbrous contrivance for accomplish- 
ing an object obtainable by far easier means. 
The thorough ventilation of such a building as 
this can only be procured by two methods — 
draught by heat or mechanical ventilation by a 
fan : but the latter of these methods possesses so 
many advantages over the former that it appears 
surprising it should for so many years have been 
neglected ; and that, of all the numerous plans 
which have been tried for ventilating the late 
House of Commons, the draught by heat, though 
applied in various ways, has been the principle of 
them all. Dr. Ure has written a usefiil memoir 
on the subject of ventilation,* in which he com- 

Eares the advantages of these two methods ; and 
e estimates the relative cost of ventilating by 
a fan, compared with that by chimney-draught, as 
about 1 to 38. In his calculations on this subject, 
however, he has apparently being led into an 
error. His experiments on the consumption of 
fuel to produce a given effect by chimney-draught 
were all made on furnaces usea either for steam- 
boilers or for brewers' coppers. But, as it could 
only be the residual heat of the furnace which be- 
came available in his experiments, after the prin- 
* Proceedings of Royal Society , 16th June, 1836. 
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cipal part of the heat given off by the coal had 
been absorbed by the boiler, it is certain that an^ 
calculation founded on the effect produced in this 
manner must be considerably below the truth. 
But although the relative cost of fiiel will not be 
so greatly different as Dr. Ure supposes, under 
any circumstances the difference between the two 
methods must be very considerable. 

(359.) The efficiency of the mechanical method 
of ventilation by a fan, turned by machinery, has 
been proved so extensively in some of the largest 
manufactories in the kingaom, that it appears sin- 
gular Dr. Reid should have adopted so cumbrous 
and expensive a contrivance as that which he 
erected at the temporary House of Commons. 
The new House of Lords is most perfectly venti- 
lated by a large fan, which supplies any required 
amount of fresn air that can be required ; and the 
whole of the arrangements for warming and ven- 
tilating this building appear to have been most 
successfully carried out imder the direction of Mr. 
Meeson, and they seem to accomplish all that can 
possibly be desired in such a building. 

(360.) The Marquis de Chabannes, about the 
year 1816, extensively applied the other mode of 
ventilation which has been alluded to, by arti- 
ficially heating the air by means of stoves after 
it has passed through the ceiling, and by which 
means the draught is greatly increased. This 
plan was applied to several very large buildings, 
and among others to the old Houses of Parlia- 
ment. It has been fully described by the Mar- 
quis, in a pamphlet published by hmi; but it 
appears now entirely to have fallen into disuse ; 
and although, perhaps, on a very small scale, it 
might occasionally be beneficially employed, it is 
neither economical nor particularly efficient for 
large buildings. 



348 ON THE VABIOUS METHODS 

(361.) The mechanical method of ventilation 
appears to possess many advantages. It is of 
course only suitable for extensive buildings, on 
accoimt of the cost of erection and maintenance 
of the apparatus being too great in any case, 
except where a large quantity of air is required 
to be withdrawn. The usual plan is either to 
employ a rotary fern to draw out and dischai^ 
the air, or a pump or bellows, which answers the 
same purpose. A rotary fietn was used as long 
ago as the year 1734, by Dr. Desaguliers, for 
ventilating nospitals, prisons, and other build- 
ings ;* though the plan he recommended appears 
to have been but little used for that purpose. In 
£Etct, although the principle was good, it fuled 
in consequence of the trouble attending its use. 
About the year 1741, Dr. Hales introduced his 
method of ventilating by bellows; and it was 
applied in many cases with great success. Several 
of the prisons, hospitals, and other buildings of 
the metropolis, as well as nearly all the ships in 
the navy, were successfully ventilated by this 
apparatus, which was extremely simple in its con- 
struction and operation.f It consisted of a large 
box with valves opening inwards, and other valves 
opening outwards, which alternately admitted and 
discharged the air, when an internal diaphragm, 
fixed by leather hinges to the centre of the box, 
was moved up and down by a handle passing 
through the upper part of the box. One defect, 
however, was common both to this apparatus and 
that of Dr. Desa^iers; they w»e both made 
dependent for their operation on manual labour, 
and therefore their use was limited both in dura- 
tion and extent. For, however efficacious the 
operation might be, the trouble attending it, 

* Philosophical Tramaetions^ 1735, vol. xxxix., p. 41. 
t Dr, Hales, " On Ventilators." London, 1743. 
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when the whole eflFect was produced by manual 
exertion, rendered it inconvenient, expensive, 
and uncertain. The extensive introduction of 
machinery throughout every department of manu- 
factures has agam, after a lapse of many years, 
brought into use both these methods of venti- 
lating buildings. The ventilating fan of Dr. 
Desaguliers, with some improvements suggested 
by modem discoveries and experiments, is now 
extensively used in the manufacturing districts of 
England ; the fan being turned by the steam- 
K)wer employed in the manufactories. The bel- 
'. ows of Dr. Hales, slightly altered in their form, 
lave also again been recently brought into use. 
The late Mr. Oldham, the engineer to the Bank 
of England, applied this principle of ventilation 
to a part of that establishment with complete suc- 
cess. This apparatus differs, however, slightly 
fix)m that of Dr. Hales, particularly in being 
fitted with a piston instead of a moveable dia- 
phragm, which gives it more of the character of a 
pump, though the difference in its construction is 
very inconsiderable. In this case also the motive 
power is steam, the powerful machinery con- 
stantly in use at the Bank being employed to 
work the pmnp which ventilates the building. 
Both these methods of ventilating, when thus 
applied, are imerring in their operation, and 
appear to accomplish all that is necessary or 
desirable on this important subject. For the 
quantity of air discharged can, by both methods, 
be either increased or diminished at pleasure, by 
the mere shifting of the band which drives the 
pulley. 

(362.) By these methods of ventilation, the 
rare&ction or diminished pressure of the air can 
be effectually prevented. In the method adopted 
at the Bank of England, instead of the vitiated 
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air being drawn from the building by the appa^ 
ratus^ the operation consists in forcing in fresh 
air, which in cold weather is warmed by passing 
through a steam-chamber; and the vitiated air 
escapes from the room in consequence of its 
greater levity ; the quantity which escapes being 
equal to that which is forced in by the pmnp. 
By this means no diminution of pressure can 
arise; but, from what has already been stated 
(Art. 334), it may be ' questioned whether the 
small diminution of pressure which occurs under 
ordinary circimistances is a matter of any im- 
portance. 

(363.) The fans that were used by Dr. Desagu- 
Hers were seven feet in diameter, and one foot 
wide. They revolved in a concentric case, close 
in every part, ejtcept an opening at the centre, 
which communicated by a pipe with the room to 
be ventilated, and another pipe at the circum- 
ference, by which the foul air that was drawn in 
at the centre was thrown out with considerable 
force by the rotating leaves of the fan. This 
construction, however, has been found objection- 
able. Considerable loss of power accrues from 
employing a fan moving concentric with the case, 
on account of a large quantity of air being car- 
ried roimd by the leaves of the fan, instead of 
passing out tmrough the discharge-pipe at the cir- 
cumference. The most advantageous form is 
when the case is eccentric to the revolving leaves 
of the fan, the discharge-pipe being placed at that 
part of the circumference of the case where the 
eccentricity is the greatest ; the air being admitted 
at the centre, in the same manner as before stated. 
In this form there is comparatively little loss of 

I)ower ; but, owing to the inertia of the air, some 
OSS must always occur between the calculated 
and the actual discharge, the difference being 
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always greater in proportion to the greater speed 
with which the fan revolves.* 

(364.) The mode of calculating the quantity of 
air discharged by any mechanical method, as also 
the power expended m discharging it, is necessary 
to be known, in order to apportion an apparatus 
of a proper size to any {)articular building. Both 
these subjects have been investigated by Dr. Ur6,t 
who has made various experiments connected with 
this branch of inquiry. The mean velocity of the 
portion of the vanes of the fan by which the air 
IS discharged is about seven-eighths of the velocity 
of the extremities of the leaves ; but, owing to the 
inertia of the air, there will be a further loss in 
the velocity of the issuing current, increasing with 
the greater velocity of the vanes ; so that, under 
ordinary circumstances, the current will be dis- 
charged with a velocity equal to about three- 
fourths of the velocity of the extremities of the 
leaves. This velocity, in feet per second, mul- 
tiplied by the area of the discharge-pipe in square 
feet, will give the number of cubic feet of air dis- 
charged per second. To estimate the force 
necessary to cause the rotation of the fan, the 
following method of calculation, founded on the 
ordinary mode of estimating steam-power, will be 
foimd sufficiently accurate. Suppose the effective 
velocity of the vanes of the fan to be 70 feet per 

* The fan which yentilates the present House of Lords is 
30 feet in diameter, and the air is thrown into the regulating 
chamber from the circumference of the vanes of the fan as it 
revolves, without any exterior casing on the circumference of 
the fan. ^he effect of this arrangement is to throw an im- 
mense volume of air into the chamber under very slight 
pressure. 

t Fhtlosophieal Tranaactiom, 1836. See also Peclet, " Traite 
de la Chaleur," 3rd edition, p. 100, et seq.^ for some useful 
calculations on the relative cost of various methods of dis- 
charging air for ventilating purposes. Also Wyman ''On 
Ventilation," p. 169. 



352 ON THE VAKIOUS METHODS 

second, and the sectional area of the eduction 
tube to be 3 square feet, then 70 x 3 = 210 cubic 
feet will be the quantity of air discharged per 
second ; and this number, multiplied by 60, will 
give the quantity per minute. As a cubic foot of 
air weighs 527 grains, there will be about 13 cubic 
feet of air to a pound ; therefore ?1?X5? -. 969 lbs. 

is the weight of air put in motion per minute with 
a velocity of 70 feet per second. The height 
from which a gravitating body must fall in order 
to acquire a velocity of 70 feet per second is 
^] = 76*5 feet, which, multiplied by the number 

of pounds weight moved per minute, will give 
the power necessary to be expended in order to 
discharge this quantity of air at the stated velo- 
city; and this product divided by 33,000 (the 
number of pounds weight that one horse will raise 
one foot high per minute) will give the amount 
of steam-power required. Therefore ^^^^j^ = 
2-24, or nearly 2i horses' power, will be necessary 
to discharge the given quantity of air at the velo- 
city stated. 

The quantity of air discharged by bellows is 
easily calculated. The cubic contents of the box 
(or tnat portion of it which is filled and emptied 
at each alternation of the handle), multiplied by 
the number of strokes per minute, will, of course, 
give the quantity of air discharged ; making such 
deduction from this amount as may be necessary 
for imperfect fitting of the diaphragm. The ven- 
tilating pump diflFers from the bellows simply in 
making the whole diaphragm move up and down, 
instead of one end being fixed. Tne force re- 
quisite for discharging the same quantity of air 
by either of these methods is the same as with a 
fan.' For, suppose a ventilating pump three feet 
square, and five feet high, and that the piston 



OF PRODUCING VENTILATION. 353 

makes 25 double strokes per minute, each four 
and a half feet long, in this case 2,025 cubic feet 
of air per minute will be discharged ; and if the 
valve for its discharge be 10 inches square, the 
velocity of its discharge will be equal to 48*6 feet 
per second. This quantity of air reduced into 
weight will be ^^ = 155 lbs., put into motion 
every minute at the rate of 48*6 feet per second ; 
and therefore we shall have ^^ = 36*9 feet, as the 

height from which a gravitating body must fall to 
obtain the velocity of 48*6 feet per second ; and 
^3^3^^- = -17, or one-sixth of a horse^s power, as 

the necessary force to discharge this quantity of 
air at the stated velocity. 

(365.) The Archimedean screw has recently 
been proposed for the ventilation of buildings, 
and its application to this purpose has been 
secured by a patent. In comparison with a fan, 
it, appears to be every way inferior; for neither 
in quantity nor in velocity can it at all approach 
the performance of the fan in discharging air 
from buildings. By the fan almost any velocity 
of the discharged current may be obtained ; but 
by the Archimedean screw the velocity of the 
discharged air must be comparatively small. The 
friction between the air and the threads or 
spirals of the revolving screw must be the power 
which produces the discharge ; but so soon as the 
pressure or condensation of the air between the 
spirals equals the friction existing between the 
air and the surface of the spirals, any further in- 
crease in the amount of the oischarge ceases ; and 
the screw might revolve with any increased velo- 
city without increasing the quantity of air dis- 
charged, and a loss of power in turning the screw 
would then necessarily occur. The plan, there- 

A A 
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fore, appears to be only suitable for dischai^rmg 
comparatively small quantities of air, and at a 
moderate velocity. 

(366.) Considering the great importance of ven- 
tilation/ it is much to be regretted that so little 
attention has generally been devoted to the sub- 
ject by scientific men. The treatises which have 
been written upon it are extremely few, and those 
generally but too indefinite and inconclusive. In 
the year 1836, a Conmiittee of the House of 
Commons was appointed to report upon the best 
plan of ventilating the Houses of Parliament ; but 
the various scientific men who were then ex- 
amined were unable to point out any public 
building of which the ventilation was at all 
deserving of the consideration of the committee, 
as a model for adoption. In fact, it is not merely 
the method, but the amoimt of ventilation which 
is desirable, that appears to have been hitherto 
unascertained. When Sir Hiunphry Davy ven- 
tilated the House of Lords, in 1811, he used a 
pipe only one foot diameter to convey away the 
foul air. In 1813, this was increased to three 
feet diameter; an alteration which allowed nine 
times the quantity of air to escape ; but even this 
was found quite insufficient for the purpose. And 
the various experiments of Watt, Rumford, Davy, 
Chabannes, and others, in ventilating various 
public buildings, prove that their methods were 
madequate for the purpose, notwithstanding their 
plans might be considered as improvements upon 
preceding arrangements. The subject of ventila- 
tion has now, however, attracted more of public 
attention; and we may therefore hope that this 
important means of improving the public health 
will henceforth be more fiilly considered; and 
that the time may come when architects will 
consider it as great a defect to neglect providing 
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the means for the admission and discharge of the 
air required for ventilation, as they woidd to omit 
the doors and windows of the buildings they are 
called upon to design and erect. The vast 
importance of ventilation was most forcibly de- 
monstrated by the evidence taken before the 
Committee of the House of Commons on the 
Health of Towns, in the year 1840. Scrofulous 
diseases are stated by the medical witi^esseb to be 
the result of bad ventilation ; and that ia the case 
of silk weavers, who pass their lives in a more 
close and confined air than almost any other class 
of persons, their children are peculiarly subject to 
scrofula and softening of the bones.* Most of the 
witnesses state that a deterioration of the race 
undoubtedly occurs among those classes most ex- 
posed to defective vdntilation; and they consider 
that bad air deadens both the mental and bodily 
energies, t The statement of some of the diseases 
produced by bad air is absolutely sickening ; and 

})resents the consequences of violating the physical 
aws, in a point of view, which will scarcely find a 
parellel. J These are imdoubtedly extreme cases ; 
but although the ordinary effects of defective ven- 
tilation are less marked, it is certain that no viola- 
tion of the physical and organic laws, however 
slight, can possibly be allowed, without the con- 
sequences becoming apparent in the deteriorated 
health of those who violate them ; and it will be 
well when this feet is as universally acted upon, 
as it is generally assented to. 

♦ " Eeport on the Health of Towns," pp. 18 and 201. 

t Ib%d,y pp. 54 and 201. 

\ Ihid., Mr. Walker's Evidence, p. 211, et seq. 
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CHAPTER V. 

ON THE THEORY OF GASEOUS EFFLUX.* 

(367.) In the preceding chapter the theoretical 
determination of the flowing of air and other gases 
through apertures has been given, and its utility 
in calculating the proper size of ventilators pointed 
out : it will here be desirable to show the grounds 
for believing that this theory truly represents the 
case, with the accuracy required for determining 
a physical law. 

(368.) The theoretical determination of the 
velocity with which gaseous fluids are discharged 
through tubes and apertures under pressure, has 
often been submitted to mathematical investiga- 
tion; and the subject being of importance in 
various branches of practical science, it is to be 
regretted that considerable differences exist in the 
results of the several formulae which have been 
propounded for its elucidation. Dr. Papin,f in 
1686, first showed that the efflux of all fluids 
follows a general law ; and that the velocities are 
inversely as the square roots of the specific grar 
vities. Dr. Gregory has likewise given various 
formulae for calculatmg the velocities of air in 
motion under different circimistances ; and Mr. 

♦ Thifl chapter contains the paper by the author, which was 
read before the Institution of Civil Engineers, May, 1840, 
'< On the Efflux of Gaseous Fluids under Pressxire." 

f Philosophteal DransaetionSy 1686. 
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Davies Gilbert, Mr. Sylvester, Mr. Tredgold, and 
many other writers of equal authority, have also 
investigated the subject. . 

(369.) The hydrodynamic law of spouting fluids 
has by all writers been applied in the calculations 
for the determination of this question. This law, 
it is well known, is the same as that of the acce- 
lerating velocity of falling bodies ; and is propor- 
tional to the square root of the height of the 
superincumbent column of homogeneous fluid. 
But, although the various writers all agree in this 
fundamental principle, they differ materially in 
the mode of applying it, and in the several cor- 
rections introduced in their theorems; and the 
results they have arrived at are of a tery contra- 
dictory character. 

(370.) Dr. Gregory^s formulae for calculating the 
velocity with which air of the natural density will 
nish into a place containing rarer air, is based, upon 
the velocity with which air flows into a vacuum. 
This is equal to the velocity a heavy body would 
acquire by falling freely from a height equal to 
that whicn a homogeneous atmosphere would have 
whose weight is equal to thirty inches of mercury. 
The height of this homogeneous atmosphere is 
27,818 feet : and the velocity which a body would 
acquire by falling from this height (and consequently 
the velocity with which air will flow into a vacuum) 
is V (27,818 X 64-36) - 1,339 feet per second. 
The density of the rarefied air divided by the 
density of tne natural atmosphere, and this number 
subtracted from unity, represents the force which 
produces motion; and the square root of this 
number multiplied by 1,339 feet (the velocity with 
which air rushes into a vacuum) is the velocity 
with which the atmosphere will rush into any 
place containing rarer air.* 

* Gregory's ** Mechanics," vol. i., p. 616. 
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(371.) The method employed by Mr. Davies 
Gilbert is also based upon the velocity with which 
air rushes into a vacuum, when pressed by a homo- 
geneous atmosphere^ equal to the weignt of the 
natural atmosphere at the earth's surface. This 
supposed homogeneous atmosphere is, according to 
Mr. Davies Gilbert's calculation, 26,058 feet : and 
the velocity with which air would rush into a 
vacuum when pressed by this weight, will be 
V(26,058) X 8 = 1295 feet per second. When this 
calculation is applied to two columns of air of un- 
equal density — ^as for instance, the discharge of 
air through a chimney-shaft — ^the height of the 
heated column of air divided by the height of this 
homogeneous atmosphere, and the square root of 
this number multiplied by the velocity with which 
air flows into a vacuum, and this product again 
multiplied by the square root of the number repre- 
senting the expansion of the heated air, will give 
the velocity in feet per second. The expansion of 
air when heated is found (by Mr. Gilbert's method) 
by raising the decimal 1*002083 (which represents 
a volume of air expanded by one degree of 
Fahrenheit) to the power wliose index is the 
number of degrees which the temperature of the 

air is raised ; or it is equal to the fraction ~ 

n being the number of degrees of Fahrenheit which 
the temperature of the ascending column exceeds 
that of the external atmosphere.* 

(372.) Mr. Sylvester's method of calculation pro- 
ceeds upon the supposition that the respective 
columns of light and heavy air represent two un- 
equal weights suspended by a cord, hanging over 
a pulley ; and this mode of calcidation gives a 
result very much less than by any other method. 

The unequal weight of two columns of air is 

♦ Quarterly Journal of Science^ vol. xiii., p. 113. 
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found by Mr. Sylvester nearly in the same manner 
as by Mr. Gilbert. The volume of air expanded by 
one degree of heat, is equal to 1-00208 ; and this 
number, when raised to the power whose index 
is the excess of temperature of the heated column, 
gives the expanded volume of the air ; and assum- 
ing the atmospheric density to the unity, we have 
1 — /y.5o208r- = ^ / ^ being the excess of tempera- 
ture of the heated column, and d the diflFerence of 
density between the two columns. This difference 
of density multiplied by eight times the square 
root of the height of the tube or shaft containing 
the heated air, gives the velocity in feet per 
second.* 

(373.) In Mr. Tredgold^s theorem for calculating 
the efflux of air, the force which produces motion 
is assumed to be the difference in weight of a 
column of external and one of internal air, when 
the bases and heights are the same. The difference 
of temperature of the two columns by Fahrenheit's 
scale, divided by the constant number 450 plus the 
temperature of the heated column, and this quotient, 
multiplied by the height of the tube or shsrffc, gives 
the difference in weight. Then by the common 
theorem for falling bodies, eight times the square 
root of this number will give the velocity in 

feet per second ; or, accurately, V = V 45Q V^ ^ 
h being the height of the tube, t the temperature 
of the internal, and z the temperature of the 
external air.f 

(374.) The method of calculation proposed by 
Montgolfier appears, however, by recent experi- 
ments to be the most accurate, as it is also the 
most simple of all the modes of determining this 
question. The difference in height must be ascer-i 

* Annals of Philosophyy vol. xix., p. 408. 

t Tredgold, " On Warming Buildings," p. 76. 
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tained which two columns of air would assume 
when the one is heated to the given temperature, 
the other being the temperature of the external 
air ; and the rate of efflux is equal to the velocity 
that a heavy body would acquire by falling freely 
through this difference of height. 

The space which a. gravitating body will pass 
through in one second, we know to be 16-09 feet; 
but, by the principle of accelerating forces, the 
velocity of a falling body at the end of any given 
time is equal to twice the space through which it 
has passed in that time ; or the velocity is equal to 
the square root of the height of the fall, multiplied 
by the square root of 64*36 feet ; or, again, to the 
square root of the number obtained by multiply- 
ing 64*36 feet by the height of the fall in feet. 

When the vis viva is the difference in weight 
between two columns of air, caused by the expan- 
sion of one of these columns by heat, the decimal 
•00208, which represents the expansion of air by 
1^ of Fahrenheit, must be multiplied by the nimi- 
ber of degrees the temperature is raised, and this 
product again by the height of the heated column. 
Thus, if the height of the column is 50 feet, and 
the increase of temperature 20*", we shall have 
20 X -00208 X 50 = 2*08 feet ; or 52*08 feet of 
hot air will balance 50 feet of the cold air, and 
the velocity of efflux of the heated column when 
pressed by the greater weight of the colder column 
will be equal to y/ (2*08 x 64) =11*55 feet per 
second.* 

♦ This mode of calculation supposes an equal expansion of 
air by equal increments of temperature, which is genertilly 
assumed to be true at all moderate differences of temperature. 
There can, however, be but little doubt that air expands more, 
proportionally, at high temperatures than at low ones, for equal 
increments of heat ; but, as all other bodies expand eyen more 
irregularly than air, we possess no means of measuring this 
deviation from regular expansion. Mr. Davies Gilbert's and 



* 
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The efflux of air under any given pressure can 
also be calculated by the same means. For the 
pressure being known, it is only necessaiy to cal- 
culate the height of a column of air which would 
be equal in weight to this pressure. Thus, if the 
pressure be equal to one inch of mercury, water is 
827 times the weight of air, and mercury 13 "5 
times the weight of water; therefore, 827 x 13*5 
= 11164 inches, or 930*3 feet; and according to 
the preceding formula ^/ (930*3 x 64) = 244 feet 
per second for the velocity of efflux under this 
pressure of one inch of mercury. 

(375.) In aU these cases the velocity thus ascer- 
tained is independent of any loss by Motion ; a 
certain deduction must be maae for this loss, which 
will vary greatly, according to the nature and size 
of the tube or shaft through which the air passes, 
as well as with the velocity of the air. Like all 
other fluids, the retardation of the air by friction, 
in passing through straight tubes of any kind, will 
be directly as the length of the tube ana the square 
of the velocity, and inversely as the diameter. 
This question, however, becomes very compli- 
cated imder these circumstances, and particularly 
so when there are angular turns in the tube througn 
which the air passes. The present state of our 
knowledge on this subject does not allow of any 
very accurate determination of the amount which 
ought to be deducted for friction from the initial 
velocity obtained by calculation ; and it is only by 

Mr. Sylyester's mode of calculatinfl; the expansion of air already 
given, supposes a very considerable increase in the rate of 
expansion, and the following formula is used by Dr. Gregory : 
The expansion of air for 180^ is -376; therefore, any other 

temperature will be (1-376) ^' X (1-376)' = (1-0018) X 
(r376)* = V ; a: being the temperature required, and V the 
volimie of the air at this increased temperature (Gregory's 
** Mechanics," vol. i., p. 486\ This mode of calculation gives 
a less expansion than that oi Mr. Gilbert. 
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empirical means we can arrive at an estimate of 
its amount. 

(376.) We shall proceed now to ascertain how 
far these theoretical calculations agree with the 
results obtained by experiments. 

In some new furnaces which Sir John Guest 
has lately added to his extensive iron works at 
Dowlais, some experiments have been made on 
the quantity of blast injected into the fiimaces. 
In these experiments, the machinery employed 
being new and of the best construction, tne loss 
occasioned by the escape of air through imper- 
fections of the apparatus, was, perhaps, as small as 
possible. The engine for blowing the fiimaces 
made, at the time of the experiments, 18 double 
strokes per minute. The diameter of the blow- 
ing cylinder was 100 inches, and the eflEective 
length of the stroke seven feet six inches. From 
these dimensions, therefore, it appears that 14,726 
cubic feet of air was taken into the blowing 
cylinder per minute ; and the tubes through which 
it was discharged fi'om the receiver were six of 
four inches diameter, and six of one and a quarter 
inch diameter ; the area of all these tubes was 
therefore •5747 of a square foot, and the pressure 
of the blast, measured by a mercurial gauge, was 
equal to four and a half inches of mercury. Cal- 
culating by the formula already given, we shall 
have ^ (827 X 1358 x 4-5 -r- 12 x 64) = 619-2 
feet ; which is the velocity per second ; and this 
number multiplied by 60, and then by the area of 
the tubes, will give 519-2 x 60 x -5747= 17,903 
cubic feet of air discharged per minute. From 
this amount some deduction must be made for 
fiiction. The velocity of the discharged air is 
354 miles per hour ; and with this immense ve- 
locity, and through such small pipes, the Mction 
is no doubt considerable. By deducting 18 per 
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cent, from the calculated amount of 17,903 cubic 
feet, we shall have 14,681 cubic feet, which agrees 
within a fraction (namely, 45 feet) with the quan- 
tity obtained by measurement. 

(377.) In other experiments made at the same 
place, the following were the results : The quan- 
tity of air which entered the blowing cylinder was 
the same as before ; namely, 14,726 cubic feet ; 
the total area of the tubes which discharged the 
blast was '5502 of a square foot, and the pressure 
of the blast was equal to four inches of mercmy. 
The calculation, therefore, will be s/ (827 x 13-58 
X 4 -T- 12 X 64) == 489-5 feet per second : and 
therefore 489-5 x 60 x -5502 = 16,159 cubic feet 
discharged per minute. The velocity of the blast 
in this case was 333 miles per hour, and if we 
deduct for friction, nine per cent, from the calcu- 
lated amount, the remainder is exactly the quan- 
tity of air which is ascertained by experiment to 
be discharged through the tubes. 

(378.) In a work published in 1834 by M. 
Dufrenoy, being a Eeport to the Director General 
of Mines in France, on the use of the Hot Blast in 
the Manufacture of Iron in England, the results 
are given of many similar experiments to the 
above; but with two exceptions, the details are 
not suflBciently ample to found any calculations 
upon. The two exceptions named are the fur- 
naces at the Clyde, and at the Butterlv Iron 
Works, when they were blown with coid air. 
Both these blowing machines are described as 
having been in use for several years ; and it is 
therefore natural to suppose the various parts were 
more worn, and fitted less accurately than in those 
experiments already described. The experiments 
were also made with less care. They show a 
different result to those already detailed ; as in 
these the calculated quantity of air appears to be 
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less than the quantity which entered the blowing 
cylinders, in about tne same proportion as it ex- 
ceeded it in the former cases. This difference, no 
doubt, arises from the imperfect fitting of the 
piston of the blowing cylinder, which by allowing 
a portion of air to escape, would diminish the 
apparent pressure on the mercurial gauge, placed 
at the further extremity of the apparatus, and 
thence the calculated rate of efflux would of course 
be diminished, 

(379.) In the experiments at the Clyde works, 
the quantity of air which was discharged into the 
furnaces, when estimated by the quantity that 
entered the blowing cylinder, was 2,827 cubic feet 
per minute. The pressure of the blast was equal 
to six inches of mercury, and the area of the tubes 
•0681 of a cubic foot. Calculating the discharge 
of air under this pressure, it amounts to 2450 cubic 
feet, being 13 per cent, less than the measured 
amount, supposmg no loss to occur by imperfect 
fitting of the apparatus. 

(380.) At the Butterly works, the quantity of 
air discharged into the ramace, estimated by the 
contents of the cylinder, was 2,500 cubic feet per 
minute. The pressure of the blast was equal to 
five inches of mercury, and the area of the tubes 
•0681 of a cubic foot. The quantity, by calcula- 
tion, appears to be 2,235 cubic feet, being less by 
lOi per cent, than that shown by experiment. 
In both these last cases, however, there is but 
little doubt that the loss of air from the cylinder 
caused the pressure on the mecurial gauge to be 
less than it would have been, had the apparatus 
been perfectly tight ; and a very small diminution 
in the observed height of the mercury would 
accoimt for a much greater difference in the velo- 
cityof efflux than is here shown. 

We are fully warranted in the conclusion from 
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these experiments, that this method of calculation 
is as accurate as any theoretical determination of 
such a question can be ; but, from the results so 
obtained, an allowance must always be made for 
friction, which will necessarily vary with the 
peculiar circumstances of each case. 

The following Table will exhibit the results of 
the preceding experiments at one view. 

Table XXIX. 



Place and 
Nnmberof 
Experiment. 



If 



It 






Mi 



Dowlais, No. 1 

„ No. 2 

Clyde, No. 3 

Bntterly, No. 4 



4-6 
4-0 
6-0 
60 



•5747 
•5502 
•0681 
•0681 



354 
333 
408 
372 



14726 

14726 

2827 

2500 



17903 

16159 

2450 

2235 



— 13 

— 10^5 



In order to show the results of the several modes 
of calculation, which diflferent mathematicians 
have adopted, the following Table has been cal- 
culated from the data given in experiment the 
second of the preceding Table ; and it shows how 
far the several modes differ from each other in 
their results : — 

Table XXX. 



Flaoeof 
Experiment. 



Dowlais. 




•5502 



14726 



Qnantitj of Air diacluurged (by Galcnlation). 



Mont- 
ffolfier. 



16159 



Ore- 

irory. 



Gilbert. 



15152 



14855 



Sylreeter. 



5017 



Tredgold. 



15555 



Considering the amount of friction which must 
result from the discharge of air at the immense 
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velocity which was obtained in this experiment, 
namely, 333 miles per hour, and also that some of 
the tubes were only li inch diameter, it will pro- 
bably be considered that the highest of these cal- 
culations is the nearest the truth, as it only allows 
of a deduction of nine per cent, being made for 
friction, to reduce the calculated amount to the 
quantity obtained by experiment. It may, there- 
fore, be concluded that the method which gives 
this result is the most accurate, as it is also the 
most simple for general use. 
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CHAPTER VI. 

ON THE CHEMICAL CONSTITUTION OP COAL, AND 
THE COMBUSTION OP SMOKE. 

Early Use of Coal in England — Chemical Composition of Coal 
— ^Analyses of Coal — Combustion of Coal — ^Loss by Imperfect 
Combustion — ^Loss jfrom the Escape of Smoke — ^Loss by 
Carbonic Oxide — Causes of Imperfect Combustion — Theory 
of Combustion — Temperature required for Combustion — 
Effects of Earefaction of the Aii^Effects of Hot Air- 
Quantity of Air required for Combustion — ^Methods of 
admitting Air — Combustion of Anthracite Coal — Descrip- 
tion of various Plans for consuming Smoke — ^Artificial 
Fuels. 

(381.) The value and importance of coal, 
whether considered in its commercial or its phy- 
sical character, or in the eflfects it has produced 
upon civilization, arc suflScient to render all in- 
vestigations concerning it singularhr interesting. 
The changes which have been efltected in the 
social condition of man by the instrumentality of 
this valuable substance are as instructive as tney 
are interesting ; and great as are the other mineral 
riches of England, they would be comparatively 
valueless without the possession of that substance 
which, under the generic name of coal, is so 
extensively distributed throughout its various 
districts. 

Important, however, as coal has now become, 
its value has been fiilly recognised for compara- 
tively but a few years ; and the apathy and in- 
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diflference with which it was formerly regarded, 
contrasts most singidarly with the present im- 
portance which it assumes. 

(382.) The ancient Britons were acquainted 
with the use of coals before the arrival of the 
Romans. The Anglo-Saxons also knew and partly 
used them ; but they are not mentioned by any 
of the writers in the times either of the Danes or 
Normans, till the reign of Henry III. who, in 
1234, granted a charter to the inhabitants of New- 
castle to work them. In 1306, they were pro- 
hibited at London as a nuisance; but in 1321, 
they were used at the Palace, and became soon 
afterwards an important article of commerce. 
They, however, gradually fell into disuse except 
among the poor; and even in the seventeenth 
century their use was confined to the lower orders, 
except for the working of metals.* Such a pre- 
judice existed against them in the middle of the 
sixteenth century, that, in the reign of Elizabeth, 
an attempt was made again to prohibit their use 
in London, even for manufacturing purposes, 
during the sessions of Parliament ; it being sup- 
posed that the air was rendered unwholesome by 
the smoke which they produced. 

Previous to the commencement of the seven- 
teenth century, the smelting of iron and other 
metallic ores was performed with charcoal ; but at 
that period the large consumption of wood for 
making charcoal had so thinned the country of 
timber, that a probability appeared that many iron 
works would be stopped for the want of ftieL An 
important era now commenced. In 1619 a patent 
was obtained by Dudley, for smelting iron with 
the coke made jfrom bitimiinous coal ; which in- 
vention was applied on a limited scale for several 
years. Shortly previous to this, other persons 
♦ FoBbroke'a " Archroology," vol. i., p. 72. 



COMBUSTION OF COAL. 369 

had attempted the same process without success. 
Sturtevant in 1612 and Eavenson in 1613, both 
obtained patents for methods of using coal in 
blast fiimaces for smelting iron ; but both failed 
of success. Many years, however, elapsed before 
the use of coke, for this purpose, became general ; 
but, from the period of the middle of the seven- 
teenth century the use of coal became common^ 
both for domestic and manufacturing purposes, 
in all cases where heat was required to be pro- 
duced ; and its consxmiption has steadily increased 
from that period. 

These few historical remarks on the use of coal 
show, in a striking point of view, the neglect with 
which this valuable substance was formerly treated; 
and it contrasts most singularly with the vast im- 
portance which is now attached to it. And when 
we consider the gigantic eflfects produced by its 
agency in our own times, and the still greater 
effects of which it yet gives promise, we can 
scarcely credit the apathy with which it was re- 
garded at a period so little remote from our own age. 

(383.) The several properties of coal are the 
result of two distinct substances, which are com- 
bined in different proportions in the specimens 
obtained from different localities. Carbon and 
bitumen are the two substances which give to coal 
its distinctive characters, though other substances 
exist in it in a greater or less degree ; some being 
extraneous and the result of mere local situation, 
and others partaking of a more generic character. 
In discussing this subject we shall proceed to con- 
sider — ^first, the chemical character and composi- 
tion of coal ; secondly, its properties as a com- 
bustible ; and, lastly, the methods of consuming 
the smoke given off during its combustion, and of 
rendering it available in mcreasing the calorific 
effects of the ftiel. 

B B 
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(S&i.) Some chemists have objected to the 
opmion that coal is a compomid of carbon and 
bitmnen. No process has jet been devised by 
which it has been possible, in the analyses <^ coal, 
to resolve it entirely into these two substances ; 
but, tc^ether with them, there is always obtained 
a quantity of gaseous matter. Some portion of 
this gaseous matter readily distils from coal with 
comparatively a very slight increase of tempera- 
ture; while other portions, evidently resulting 
from the decomposition of the bitumen, require 
for their elimination a much more intense heat. 
No specimens of coal yet discovered are entirely 
free n*om these gaseous products. The only kinds 
which may be supposed to be exempt from them 
are the anthracites ; but these all contain a small 
portion of volatile matter, considered by some to 
De merely water, or its elements ; but by others, 
on more accurate analysis, decided to be similar 
in composition, though far less in quantity, to the 
products obtained from bituminous coal. 

Considerable discrepancies exist in the analyses 
by different chemists of some varieties of coal. 
Enough, however, is known to afford very valuable 
information in the successfrd application of coal to 
the various usefrd purposes of the arts ; though it 
must be confessed that hitherto the operations of 
the practitioner have availed far more than the 
theories of philosophy. 

(385.) No accurate analyses of coal were made 
previous to those of Dr. Thomson, in 1819. The 
method previously employed, by ascertaining the 
quantity of residuary carbon left, after the vcuatile 
matter was driven off, was necessarily very inac- 
curate ; because the gaseous products of the coal 
carried off a considerable portion of carbon in the 
form of carburetted hydrogen and carbonic oxide, 
by which the quantity of carbon in any given 
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specimen appeared to be considerably less than 
really existed. Such a mode of analysis, however, 
is not without its use; because it shows, more 
accurately than any other, the quantity of coke 
which can practically be obtained from any given 
specimen of coal, and which by any other mode 
can only be found by calculation. 

The earliest analyses of coal by this process 

Table XXXI. 



Name of Goal. 



Oarbon. 



YoUitile 
Matter. 



hi 



Anthoritj. 



Welflh Furnace Coal 

Alfreton Furnace Coal 

Butterlr Furnace Coal 

Welsh 'Stone Coal .... 

Welah Slaty Coaf ... 

Derbyshire Cannel Coal 

Kilkenny Coal 

Do. Slaty Coal .... 

Scotch Cannel Coal. . . . 

Boolayoonen Coal .... 

Corgee Coal 

Queen's County Coal.. 

Stone Wood, Giant's ) 
Causeway y 

Caking Coal 

Splint Coal 

Cherry Coal 

Cannel Coal 

Kilkenny Coal 

Anthracite, Lehigh ) 9 
Do. Bhode Island } % 
Do. do. ) I 

Anthracite, Llanelly . . 

Do. Milford Lower Vein 

Do. American 



1-697 



8-432 
2-044 
4-288 
2-300 
6-725 
4-638 
2-873 
6-525 
4-000 
3240 
3-409 
3*140 

11-933 

1-500 
9-500 
10000 
11-000 
4-0 
3-3 
5-07 
15-6 
39-98 
2-46 
4-62 



8*500 
45-50 
42-830 

8-000 

9100 
47000 

4-250 
13000 
56-570 
13-800 

9-100 
10-800 

33-370 

22-600 
35-270 
47-754 
60-000 

6-7 

6-6 

4-9 

6-7 
18-4 

8-8 

9-4 



337 
235 
264 
368 
409 
278 
602 
445 

436 
403 
408 

150 

269 
290 
265 
272 
435 



1.0 

1-100 
1-393 



1-656 



1-596 
1-656 
1-621 



>Maflhet.« 



1-571 
1-374 
1-518 



Dr. Thomaon.f 



yanaxem.t 



Y Damells. 



* Fhtlosophieal Magaitiney vol. zxxii. p. 140. The same 
author has recently increased this list by some hundreds of 
analyses of different coals, and published the results in his 
** Papers on Iron and Steel." 

t Annals of Philosophy y vol. xiy., p. 81; and vol. zy., 
p. 394. 

X Ihid.y vol. xxvii., p. 104. In this analysis the volatile 
matter is considered to oe entirely composed of water, 

B B 2 
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which have been published, with the exception of 
those by Kirwan, were made by Mr. Mushet: 
they are given in the preceding Table, together 
with several other more recent analyses by differ- 
ent experimentalists. 

These analyses show the very great difference 
which exists in the composition of the various 
descriptions of coal. This difference not only 
exists between the several species of coal, but 





Table XXXII. 






KameofOoAl. 


Oarbon. 


Hydro- 
gen. 


Aioto. 


Oxygen. 


Spedfio 
Qmvitj 


JLvOtarity. 


Caking Coal 


75-28 


4-18 


16-96 


4-68 


1-269 




Splint Coal 

Cherry Coal 

Cannel Coal 


76-00 


6-26 


6-26 


12-60 


1-290 




74-45 


12-40 


10-22 


2-93 


1-266 


Dr. ThomMn.* 


64-72 


21-66 


13-72 


0-0 


1-272 




Splint Coal 


70-90 


4-30 


00 


24-80 


1-266 


Dr.irie.t 


Cannel Coal 


72-22 


3-93 


2-8 


2106 


1-228 


QiygenftAiote 


JkBhm. 


Splint Coal, Wylam . 


74-823 


6-180 


6-086 


18-912 




Ditto, Glasgow 

Cannel Coai^ Lancas. 


82-924 


5-491 


10-467 


1-128 




83-763 


5-660 


8039 


2-648 




Ditto, Edinburgh .. 


67-697 


5-406 


12-432 


14-566 


llir.hardson.X 


Cherry Coal, NewcaB. 


84-846 


5-048 


8-430 


1-676 


Ditto, Glaagow 

Caking Coal, Newcas. 


81-204 


5-462 


11-923 


1-421 




87-962 


5-239 


5-416 


1-393 




Ditto, Durham 


83-274 


5-171 


9-086 


2-619 


^ 


Anthracite, Wales . . 


92-66 


3-83 


2-63 


1-68 


' 


Ditto, Pennsylvania 


90-46 


2-48 


2-46 


4-67 


Beynault.} 


Ditto, Meyenn 

Ditto, Boldue 


01-98 


3-92 


3-16 


0-94 


91-46 


4-18 


2-12 


2-26 




Ditto, Wales 


89-43 


3-66 


3-96 


1-70 


Jaoquelain.il 


Ditto, Pembrokeshire 


92-43 


3-37 


2-49 


1-73 


Sohafhaeutl.H 



♦ Annak of Phthsophffy vol. xiv., p. 95. 

t " Chemical Dictionary," Art. " Coal." 

X London and JSdinbwyh Philosophical Moffozine^ vol. xiii., p. 
131. 

§ Annales de Chimie, vol. Ixvi., p. 337. 

II London and Edinburgh Philosophical Magaxiine^ vol. xvii., p. 
213. In this analysis the coal contained 1*36 per cent, of 
water. 

f Ihid.y p. 215. In the ashes of this analysis -12 per cent, 
is sulphur. 
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likewise in the different specimens of the same 
species^ obtained from different localities. This 
is particularly the case with the anthracite coal, 
which passes through every stage of difference, 
from nearly a pure carbon down to the state of 
ordinary bituminous coal. 

(386.) A more intimate knowledge of the 
nature of coal was obtained by Dr. Thomson's 
analyses, before alluded to, by which the exact 
constituents of the volatile matter were ascer- 
tained. The preceding Table gives these analyses, 
together with the results obtained by other 
chemists in determining the nature of the gaseous 
products obtained from coal. 

By comparing together the results of Dr. Thom- 
son's analyses given in the preceding Tables, we 
shall see how greatly the nature of the volatile 
matter contained in any specimen of coal affects 
the resulting quantity of coke. By Table xxxii. 
it appears that the aggregate (juantity of the 
gaseous products of caking, splmt, and cherry 
coal, are very nearly similar; while by Table 
xxxi. we perceive that the quantity of coke ob- 
tainable from these several species varies more 
than 45 per cent. This, however, can readily be 
accounted for, when we ascertain the nature of the 
gas which predominates in each species : for, where 
hydrogen and oxygen abound, a large quantity 
of carburetted hydrogen and carbonic oxide is 
formed, at the expense of a certain proportion of 
the carbon ; while in such specimens as contain 
azote in the largest proportion, a far smaller loss 
of the carbonaceous portion of the coal is sustained. 

(387.) Of all the volatile constituents of coal, 

the azote is that which quits it with the greatest 

difficulty. Professor Proust* considers that coal 

always contains azote, even when reduced to coke ; 

♦ NichoUanU Jaumalj vol. xviii., pp. 166 and 173. 
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for when coke is treated with potass, a pmssic 
lixivium is always obtained; and the same he 
even found to be the case with anthracite coal. 
The prussic radical is a compound of azote and 
carbon ; and it may be a question, whether any 
part of the difference which is known to exist in 
the heating power of "oven coke" and "retort 
coke," is owmg, in the former case, to the presence 
of a larger portion of nitrogen. Some of the 
prussic compounds are very inflammable, and may 
therefore be supposed to produce some calorific 
effect by their presence. 

Sulphur, which is another substance retained 
with the greatest pertinacity by coal, exists in 
nearly all the species in a greater or less degree. 
It is, perhaps, the only one of their constituents 
which, according to our present knowledge, is 
wholly valueless. Its injurious tendency is not 
more remarkable than the tenacity with which the 
coal retains it. Crenerally it exists in combination 
with iron, in the form of pyrites. In the process 
of coking, a portion of the sulphur escapes in the 
state of sulphuretted hydrogen gas ; but no degree 
of heat is sufficient to drive off the whole of the 
sulphur; and many beds of coal are rendered 
almost useless, in consequence of the large quantity 
of sulphur which the coal contains preventing its 
use in metallurgy, and many other processes in the 
arts. The presence of sulphur, indeed, is generally 
more perceptible in coke than in coal : the mass of 
volatile matter which escapes from the latter dis- 
guises the presence of the siilphur in a great degree ; 
while, with coke, the fiimes of sulphurous acid are 
generally very perceptible. No mode, practically 
applicable, has yet been discovered for freeing coal 
from the sulphur it contains. By treating it with 
nitric acid the pyrites are dissolved, and the sulphur 
and the iron may be washed out ; but the coal is 
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converted by the operation into a bulky coke, and 
is entirely changed in its character, and ceases to 
aflFord the same gaseous products as before.* It is 
probable that some kinds of anthracite coal are 
nearly jfree from the presence of sulphur; and, 
indeed, several kinds afford no evidence of its ex- 
istence. 

(388.) The application of coal to the purposes 
of fiiel depends, like that of all other combustible 
bodies, on the chemical change which it undergoes 
in uniting by the agency of heat with some body 
for which it possesses a powerftd affinity. In all 
ordinary cases this effect is produced by its imion 
with oxygen ; and we shall therefore inquire into 
the modes of effecting this is the best manner. 

When coal is entirely consinned, the carbon is 
wholly converted into carbonic-acid gas, and the 
hydrogen into water — ^the latter being in the state 
of vapour. The air supplies the necessary oxygen 
for this purpose ; and m this state the products of 
the combustion are nearly or quite invisible, both 
the products being colourless fluids. Smoke^ there- 
fore^ is always the result of imperfect combiistion. 

(389.) It has generally been considered that 
when coal is carefally coked, the residuary coke 
will produce as much heat when applied as a fuel 
as the original quantity of coal would have done 
from which it was produced. This of course can 
only be taken in a general sense ; because much 
must depend upon the method of coking and the 
prevention of waste, as well the extent to which 
the process of coking has been carried. Many 
experiments confirmatory of this general view of 
the relative values of coal and coke have been 
made ; the most recent are those of Mr. Apsley 
Pellat, Mr. Parkes, and the Count de Pambour. 
But it should be observed that in the residuary 
* NiehoUofCs Jourmly vol. xviii., p. 170. 
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coke from the process of gas-making, the peculiar 
mode of carbonization lessens its heating power to 
a considerable extent ; and it is principally to what 
is known as ^' oven-made coke" that this remark 
will therefore apply. 

We have the clearest evidence from the fact of 
the great difference in the heating powers of equal 
weights of coal and of coke, that the waste must be 
very great in the usual modes of burning coal. We 
know that a large proportion of the gaseous pro- 
ducts of coal — ^which we have already seen consti- 
tute on a rough average about one fourth of its 
total weight — consists of matter which is capable 
of producing the most intense heat : and yet we 
find, practically, that its effect in ftimaces is abso- 
lutely negative. This can arise only from some 
imperfection in our methods of combustion ; and 
we may obtain a tolerably accurate notion of the 
extent of the loss thus sustained, by a reference 
to the analyses of coal already given. Let us take 
as an example the caking coal, according to Dr. 
Thomson's analysis in Table xxxii. — ^which is the 
Newcastle coal so generally used. We find that 
in every 100 lbs. of coal there are contained 4*18 lbs. 
of hydrogen, and 4*58 lbs. of oxygen. When these 
gaseous products are driven off by heat, they will 
both combine with a portion of carbon. * The 
quantity of carbon which combines with the 
hydrogen is very variable; differing with the 
degree of heat to which it is exposed. When the 
temperature is very high the hydrogen will com- 
bine with three times its weight of carbon, forming 
the true carburetted hydrogen ; but, from a coke 
oven, a large portion of the hydrogen escapes 
nearly in an uncombined state, and therefore the 
quantity of carbon thus abstracted will be only 
about one half the quantity which would con- 
stitute true carburetted hydrogen ; or about 6 lbs. 
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of carbon may be assumed as the quantit jr carried 
off in the latter case. Dr. Dalton ascertained that 
the combustion of 1 lb. of hydrogen would melt 
320 lbs. of ice; therefore, 4*18 lbs. would melt 
1337 lbs. of ice ; and the heat produced by 6 lbs. 
of carbon will be sufficient to melt 376 lbs. of ice, 
according to the average of the experiments of 
Watt, Rumford, and Black.* The 4-58 lbs. of 
oxygen contained in the coal will combine with 
3-6 lbs. of carbon, and form 808 lbs. of carbonic 
oxide. According to Dr. Dalton, 1 lb. of this gas 
will melt 25 lbs. of ice ; therefore, 808 lbs. will 
melt 202 lbs. of ice. These results amount together 
to 1915 lbs. of ice melted by the heat obtamable 
from these several substances; which number 
multiplied by 140 degrees, the latent heat of ice, 
and this product divided by 7020, the number of 

Sounds weight of water which can be raised 1 
egree by the combustion of 1 lb. of coal, we shall 
find the total heat of these several gaseous products 
are equal to the calorific effects of 38 lbs. of coal. 
It is not known \^hether the azote which the coal 
contains produces any heating effect ; nor will the 
heat necessary for its ex{)ul8ion from the coal cause 
any loss which is appreciable, even if the whole of 
it be driven off by heat, which, however, we have 
already seen, is not the case. By the experiments 
of Berard and Delaroche, on the specific heat of 
gases, we find that to raise the temperature of the 
15*96 lbs. of azote to the temperature of 500 de- 
grees Fahrenheit, wiU only require 4*9 oimces of 
coal — a quantity too small to be taken into accoimt. 

* The average of the experiments of Watt, Bumford, and 
Black, gives 39 lbs. of water raised 180 degrees, bv the com- 
bustion of 1 lb. of coal ; or 7020 lbs. of water raised 1 degree: 
The latent heat of ice being 140 degrees, this will be equal to 
melting 50' 14 lbs. of ice with 1 lb. of coal ; and the heating 
power of coke, compared with coal, being as 10 to 8, 1 lb. of 
obke will melt 62-7 lbs. of ice. 
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The loss, therefore, by the escape of these gaseous 
products of the coal, amounts, by these calcula- 
tions, to 38 per cent. ; and the coke which remains 
will be of the description known by the name of 
" oven coke," and will produce the same calorific 
effect as the original quantity of coal would have 
done, provided the latter were burned in the usual 
manner. 

Another method may be employed for ascer- 
taining the loss sustained by the escape of the 
volatile matter of coal, by calculating the heating 
power of the various products obtained from coal 
m the process of gas-making. The quantity of 
carburetted hydrogen gas obtainable fi^m 100 lbs. 
of caking coal, of good average quality, may be 
stated at about 450 cubic feet; of which the 
specific gravity is about '50 to -55. Twenty-four 
cubic feet of this gas will weigh 1 lb. ; and as 
I lb. weight of this gas will melt 85 lbs. of ice, 
according to Dr. Dalton's experiments, we shall 
have w X 85 = 1593 lbs. of ice melted by the 
combustion of the gas obtainable fix)m 100 lbs. of 
coal. Reducing this, as in the former case, to 
the mean of the results obtained by Watt, Rum- 
ford, and Black, we shall find that it is equal 
to the total effect of 31*76 lbs. of coal. In addi- 
tion to this there will be about 8 lbs. of tar 
obtained from 100 lbs. of coal. This, when 
decomposed by heat, yields about 100 cubic feet 
of an mipure hydro-carburet, mixed with about 
one-third oy weight of carbonic oxide. Reckon- 
ing the heat of this by the data already given, it 
wnl be equal to the effect of 10*4 lbs. of coal. 
The other product of the distillation is ammo- 
niacal liquor. Of this about 7i lbs. will be 
obtained from 100 lbs. of coal ; consisting of 
5i lbs. of water, and li lbs. of ammonia; the 
former containing in^ its composition '64 lb. of 
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hydrogen, and the latter •291b., making together 
'93 lb. of hydrogen ; and the heat obtainable 
from this quantity of hydrogen will be equal to 
5*93 lbs. of coal. These several results amount 
together to a loss equivalent to 43*09 lbs. of coal ; 
but as the residuary product of the distillation 
will be only " retort coke," which is inferior to 
even coke in its heating power to the extent of 
12i per cent., according to the experiments of M. 
de Pambour, we must deduct from the above 
amount the difference between the heating power 
of this coke and that which was supposed to be 
obtained by the former mode of calculation — ^the 
quantity being considered the same in both cases. 
We shall therefore find the statement will stand 
as follows : — 

lbs. of Coal. 
Heat obtainable from 450 cubic feet of carburetted hydrogen «> 31*76 

Do. 8 lbs. of tar « 10-40 

Do. *93 lbs. of hydrogen, contained in the ) _^ «.gj 
ammoniaoal liquor j ^^ 

4809 

Deduct difference in heating power of residuary coke, viz., \ q.,*, 

76 lbs., at 12i per cent | - 937 

Total loss . 38-72 

By this method of calculation, the loss occa- 
sioned by the non-combustion of the volatile 
products of the coal amounts to 38i per cent., 
which is an extremely near approximation to the 
result obtained by the former method. We can- 
not, however, consider that the whole of this 
amount is always lost by the escape of smoke in 
the combustion of coal. With open fires, no 
doubt, this is the case, as well as other sources of 
loss peculiar to this method of combustion. But 
in furnaces, however imperfectly they are con- 
structed, some portion of the smoke is always 
consumed ; and by that amoimt, whatever it may 
be, the loss is diminished. The smaller the 
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quantilrjr of volatile matter which the coal con- 
tains, the less will be the loss in this way ; but 
the kind of coal selected for these calculations is a 
quality which may be considered to afford a fiur 
average. 

(390.) But, in addition to the loss of calorific 
effect which is here shown by the escape of un- 
consumed smoke, there is another source of loss 
which always exists in a greater or less degree, 
arising from the formation of carbonic oxide. It 
is of importance to understand correctly the 
theory of the formation of this carbonic oxide, 
as it materially affects the question of economy in 
the combustion of fiiel. 

(391.) When atmospheric air comes in contact 
with coal or coke at a very high temperature, the 
combination of the oxygen of the air with the 
carbon of the fiiel, always forms carbonic-acid 
gas, and produces the phenomenon of combus- 
tion.* Such is the effect of atmospheric air 
entering through the grate-bars of a furnace, 
on the lower stratum of fiiel, lying immediately 
on the bars. But while this carbonic-acid gas 
passes upwards through the upper strata of the 
heated rael, a fiirther portion of carbon combines 
with it, and it becomes converted into carbonic 
oxide — carbonic a>cid consisting of two volumes of 
oxygen and one volume of carbon; while car- 
bonic oxide is composed of equal volumes of 
oxygen and carbon. 

The result of this conversion of carbonic-acid 
gas into carbonic oxide, by passing the former 

* The lowest temperature at wMeh this combination of 
oxygen and carbon takes place, is a little above the boiling 
point of mercury. At this temperature carbonic-acid gas is 
formed without any luminous appearance ; at higher tempera- 
tures true combustion occurs, and carbonic acid is produced 
with great rapidity. (Davy's <' Experiments on Flame/' 
Philosophiedl Maganine, vol 50, p. 10.) 
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through highly-heated carbon, is a considerable 
loss of heat when the carbonic oxide escapes from 
the fttmace in this state ; for a given weight of 
carbon, converted into qarbonic oxide, only pro- 
duce half the heat which it would do were it 
converted into carbonic-acid gas. The combus- 
tion of fuel, therefore, cannot be perfect where 
any considerable quantity of carbonic oxide 
escapes undecomposed ; although it may often 
happen that no smoke is visible even when there 
is a large escape of carbonic oxide. This is par- 
ticularly the case when coke is used as fiiel. 
There is in this case no smoke ; but if there is 
a deficiency of atmospheric air to supply the 
necessary amount of oxygen to convert the pro- 
duct of the combustion wholly into carbonic-acid 
gas, a large quantity of carbonic oxide is formed, 
which not only causes a very great loss of fuel, 
but it is probably even more unwholesome than 
the most dense smoke. No system of combustion 
can therefore be perfect whicn does not provide a 
supply of atmospheric air above the Aiel, sufficient 
to reconvert the carbonic oxide (which has been 
formed by passing the carbonic acid through the 
mass of burning fuel) into carbonic acid ; and 
in this process it absorbs just its own volume 
of oxygen, and it gives out another measure 
of heat exactly equal to that already pro- 
duced by it in the furnace, the heat from a 
given volume of carbonic acid being just double 
what is obtained from the same volimie of car- 
bonic oxide. The combustion of the ftimace is 
therefore produced by the oxygen of the air 
forming carbonic acid with the lower stratum of 
fuel lying on the fiimace-bars; this is changed 
into carbonic oxide as it passes through the super- 
stratum of heated fuel ; and this carbonic oxide is 
again reconverted back again into carbonic acid, 
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by bringing the oxide into union with a further 
quantity of atmospheric air. 

(392.) In the case of bituminous coal, the 
economy of fiiel must necessarily consist both in 
consummg the smoke and in preventing the 
escape of undecomposed carbonic oxide. Smoke 
always arises from one of two causes — deficiency 
of air, or an insufficient degree of heat to cause 
the chemical union between the constituents of 
the fiiel and the oxygen derived fit)m the air; 
and sometimes it arises from both these causes 
combined. The loss arising from the carbonic 
oxide is almost entirely owing to deficiency of 
oxygen. In open fireplaces the smoke is caused 
by. deficiency of heat ; in close furnaces it is ffene- 
rally caused by deficiency of air; and all the 
different methods which have been proposed 
for conmming smoke in close furnaces, nowever 
variously these plans may be applied, are all 
based on the principle of supplying additional air 
to the burning ftiel. Two or three plans, indeed, 
for destroying smoke have been proposed, which 
will presently be mentioned ; but we shall first 
inquire into the methods of beneficially applying 
the combustion of the gaseous products ot coal to 
the ordinary purposes of ftiel. 

(393.) A vast deal of misconception upon a very 
simple subject has occurred from parties interested 
in particular inventions, discussmg the general 
question of the combustion of smoke in the way 
best calctdated to recommend their own inven- 
tions and to depreciate those of others. The in- 
quiries as to whether hot air or cold air is most 
advantageous for consuming smoke, or whether 
smoke is really capable of being consumed after it 
is once formea, or whether the only remedy for it 
is to prevent its formation, are entirely of this 
kind« But that which will be found to be the 
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fact is, that smoke is as capable of being con- 
sumed as any other combustible, and that there 
are many methods of accomplishing this both by 
hot and by cold air. 

The combustion of smoke, and indeed of any 
other substance, is not to be supposed to involve 
its total annihilation ; for matter of all kinds, so 
far as our knowledge extends, is indestructible. 
But the combustion of smoke is that change of 
state produced by chemical union with other sub- 
stances, which entirely alters its character and 
appearance. 

(394.) The constituents of smoke can be accu- 
rately judged of from a knowledge of the chemical 
composition of the coal which produces it. Nitro- 
gen, oxygen, hydrogen, and carbon, with the 
various combinations of these bodies, namely, 
carbonic acid, carbonic oxide, carburetted hy- 
drogen, ammonia, and vapour of water, together 
with minute portions of various resins, salts, 
earthy matters, and volatile inflammable vapours, 
must necessarily constitute the substance known 
under the general name of smoke. All these sub- 
stances, except the carbonic acid, are capable of 
farther combinations with atmospheric air, by 
means of a high temperature; and practically 
they do all undergo a change, except that the 
nitrogen exists in too large a quantity to enable 
any considerable proportion of it to combine 
chemically with the other substances. Thus, 
then, there is nothing to prevent a " true com- 
bustion of smoke" from taking place; by which 
means chemical combinations are produced, the 
principle being that the uncombined carbon 
which gives the black colour to smoke unites 
with oxygen derived from the air, and becomes 
converted into the colourless carbonic-acid gas; 
while the carbonic Qixide is also changed into 
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the same chemical compoimd — namely^ carbonic 
acid. 

As regards the actual destruction of the black 
colour of smoke, it matters but little whether hot 
or cold air be admitted into the fiimace ; for so 
long as the fiimace is sufficiently hot, and the 
quantity of air is sufficiently abundant, the com- 
bustion will take place. But before the air' can 
enter into combustion, it is necessary that it be 
raised to a high temperature; in most cases, 
about 800^ or 90O* of Fahrenheit being required 
for this purpose.* When the air is not heated 

Erevious to its entrance into the furnace, this 
eat which is necessary for its combination is 
obtained from the bodies with which it combines ; 
their temperature is therefore necessarily lowered, 
by parting with the requisite heat to raise the 
temperature of the air to that great degree at 
which it will enter into chemical union with the 
gaseous and solid matter of the fuel. 

(395.) The experiments of Sir Humphry Davy 
on combustion,t clearly show the necessity of a 
high temperature before active combustion can 
take place, and the advantages that must there- 
fore result from extnnsically heating the air which 
supports combustion. They also entirely refute 
the assertions that the rarefewjtion of the air by 
heat is injurious to complete combustion, his ex- 
periments having in fact been undertaken with 
the view of testing the accuracy of a theory to 
this effect, propounded by M. ae Grotthus and 
others, and which he foimd to be erroneous. 

When Sir Humphry Davy caused a jet of hy- 
drogen gas, one-sixth of an inch in height, to 
bum in the receiver of an air-pump, the flame 

* Bee note to Art 391, ante. 

t " Researches on Flame," by Sir Humphry Davy. Philo- 
sophical Dransactions, Part I., for 1817 ; and Fhilosophicdl Maga- 
%ine, vol. 50, p. l, ei seq» * 
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enlarged as the receiver was exhausted by the 
pump, and was at its maximmn when the pressure 
of the air was between four and five times less 
than that of the atmosphere ; and when a larger 
jet was used, the same phenomenon occurred 
even when the air was rarefied ten times. This 
effect, fi'om a larger jet, was found to arise fi'om 
the increased heat produced : and the conclusion 
drawn fix)m all the experiments was, "that among 
combustible bodies, those which require least heat 
for their combustion, bum in more rarefied air 
than those that require more heat ; and those that 
produce much heat in their combustion, bum, 
other circumstances being the same, in more 
rarefied air than those that produce little heat." 
The experiments also proved that " by preserving 
heat in rarefied air, or giving heat to a mixture, 
inflammation may be continued when, under 
common circumstances, it would be extinguished." 
When these mixtures were heated before com- 
bustion. Sir Humphry Davy found " that expan- 
sion by heat, instead of diminishing the com- 
bustibility of gases, on the contrary, enables them 
to explode apparently at a lower temperature; 
which seems perfectly reasonable, as a part of the 
heat communicated by any ignited boay must be 
lost in gradually raising the temperature." It 
was also found that " the cooling power of mix- 
tures of elastic fluids in preventing combustion 
increases with their condensation, and diminishes 
with their rarefaction ; at the same time the quan- 
tity of matter entering into combustion in given 
spaces is relatively mcreased and diminished. 
The experiments on flame in rarefied atmosphe- 
rical air show that the quantity of heat in com- 
bustion is very slowly diminished by rarefaction, 
the diminution of the cooling power of the azote 
being apparently in a higher ratio than the 

c c 
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diminution of the heating powers of the burning 
bodies." When the rarefaction of the air, how- 
ever, is produced by heat, not only is there no 
loss whatever in the available heat produced by 
combustion, but the extensive application of 
heated air by means of the ^' hot blast " to the 
smelting of iron, proves that there is an enormous 
increase in the effect, both on the solid matter of 
the fiiel as well as on its gaseous products. And 
the same result will necessarily occur with respect 
to all kinds of furnaces for the combustion of fiiel. 
The heated air, when carefully kept jfrom im- 
bibing moisture, will always enter into combus- 
tion more readily than cold air ; will cause a much 
greater heat in the fiimace ; and will produce more 

Eerfect combustion of the fiiel. And bir Himiphry 
)avy not only proved ^^ that the combustion of ail 
gaseous mixtures is increased b^ rarefaction by 
heat," but he ascertained by his experiments, 
that a general law obtained '^ that at hi^h tem- 
>eratures gases Hot concerned in combustion will 
! lave less power of preventing that operation, and 
'. ikewise, that steam and vapours, which require a 
considerable heat for their formation, will have 
less effect in preventing combustion (particularly 
of those bodies requiring low temperatures) than 

fises at the common heat of the atmospnere." 
he well-known effect of cold frosty air, in 
causing fires to bum clear and bright, m no way 
militates against these conclusions. The eflFect 
produced by cold air arises from the decreased 
quantity of moisture which it then contains, and 
not from the greater density of the air : for Sir 
Himiphry Davy found that even with atmospheric 
air condensed to ^ve times its natural density, 
scarcely any appreciable difference could be per- 
ceived in its effects on combustion. Neither can 
these effects be different, whether the combustible 
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be a solid or a gaseous body; excei)t that the 
latter would be more easily lowered in its tem- 
perature, and reduced below the temperature re- 
quisite for its accension. 

(396.) The expansion of air by heat, previous 
to its entrance into the furnace, cannot at all 
reduce the quantity of oxygen which combines 
with the fuel. For as air will not support com- 
bustion until it be raised to a very high tempera- 
ture (about 800** or 900**), its expansion must 
necessarily be the same, whether this heat be com- 
municated to it, within or without the furnace. 

(397.) The quantity of atmospheric air required 
for the combustion of coal is very great. Taking 
Richardson's analysis of Newcastle coal (Table 
xxxii. Art. 386), it appears that 365,376 cubic 
feet of air, of oroinary density, would be required 
for the combustion of one ton of this coal. If 
heated air be used, the number of cubic feet must 
be increased according as the density of the air is 
diminished; so that sometimes when the air is 
very highly heated, twice, or even three times 
this number of cubic feet of air may be necessary 
for the perfect combustion of the coal. 

The actual quantity of air which enters into a 
furnace, where complete combustion takes place, 
must be sufficient to convert the carbon into car- 
bonic acid, and the hydrogen into water. The 
former requires 2*66 times, and the latter eight 
times their weight of oxygen to make these com- 
binations ; and the oxygen of the air being one- 
fifth of its total volume, or nearly one-fourth of 
its weight, we can thus calculate the quantity of 
atmospheric air required for the combustion of 
any particular kind of coal.* 

♦ The constituents of atmospheric air by weight are oxygen 
22*22, and nitrogen 77 '77 ; but by voliune the constituents are 
oxygen 21, and nitrogen 79, or veiy nearly these proportions. 

C C 2 
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But this quantity of atmospheric air, large as 
appears its amount, will not be sufficient for per- 
fect combustion ; for this calculation supposes that 
the whole of the oxygen is abstracted from the air 
in the process of combustion, a result which ex- 

gerience proves is never practically produced, 
ome interesting experiments on this subject have 
been made by Mr. Hunt,* on the Aimaces of the 
principal engines in C!omwall ; and the average of 
the analysis of the air, taken from the chimneys 
of the furnaces, after it has performed its office in 
the combustion of the friel, shows that the mixed 
gases passing off through the chimney contain 
one-tenth of their volume of free oxygen. The 
amount of carbonic acid was sdso found to be, on 
an average, one-ninth of the total volume of the 

reous matter passing through the chimney, 
appears, therefore, that but little more than 
one-half the oxygen of the air is abstracted 
in the process of combustion ; and these expe- 
riments prove that practically it requires double 
the quantity of air to produce complete com- 
bustion in furnaces, that theoretical calculations 
woidd ^ve, when based on the assumption of 
the entire abstraction of the oxygen from the 
air. 

(398.) Whenever the gases eliminated from the 
combustion of coal are made to unite with the 
proper quantity of oxygen, and the temperature 
of the mixture be siifficiently high, the smoke 
will be consumed, in whatever part of the furnace 
or flues the admixture takes place. This fact has 
been disputed, but without any grounds for so 
doing. It has also been asserted that more atmo- 
spheric air is required to produce combustion of 

* Transactions of the Cornwall Polyteehnie Society^ 1843 ; 
and Glasgow Engineers^ Maga^ine^ vol. iii., p. 93. 
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the smoke after it is mixed with the carbonic acid 
formed in the ftimace, than would be required 
previous to this intermixture. This is true, theo- 
retically, as the experiments of .Sir Humphry- 
Davy proved ; for he ascertained that carbonic- 
acid gas has rather a greater power of preventing 
the firing of explosive mixtures than azote would 
have.* Perhaps, therefore, the most advantageous 
place to introduce atmospheric air would be at the 
front of the ftimace ; but, in all probability, the 
difference in this respect is very small, as we have 
already seen that, in ordinary cases of combustion, 
only about one half the oxygen of the air com- 
bines in the process of combustion, arising, no 
doubt, fi-om the difficulty of sufficiently mixing 
the gases together during their passage through 
the fomace. But the longer these gases are m 
contact, and the more they are agitated and mixed 
together by passing through the different obstruc- 
tions of a rarnace, the more likely is the oxygen 
of the air to be abstracted, and chemical combi- 
nation to take place, t And, contrary to the 
opinion that smoke, after it is once formed, cannot 
be burned, a recent patent has been obtained for 
burning the smoke of furnaces by passing it over 
a second fire, at a considerable distance ft*om the 
principal fire, with a fi'esh supply of atmospheric 
air ; and, however distant this second fire may be 
from the primary one, the combustion of the 
smoke is complete, and an immense heat is de- 
rived from these gaseous products, which, under 

* Philosophical TVansactiofu, Part II., 1815 ; and Philo- 
sophical Magaxine^ vol. xlyi., p. 449. 

t See Parliamentary Eeport on " Smoke Prevention," 1843, 
for much useful information on this subject. Also three Be- 
ports on Coals suited to the Eoyal Steam Navy, published by 
the Museum of Practical Geology. 
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ordinary circmnstanceS) would only produce the 
black smoke of common furnaces.* 

(399.) The actual quantity of heat produced by 
different qualities of coal does not exactly depend 
upon the qnanti^ of oxygen with which they 
combine. Dr. Ure made experimentsf on the 
actual amount of heat given out by several quali- 
ties of coal, when consumed in a calorimeter of 
very perfect construction ; by which, as nearly as 
possible, the entire heat from the coals was ob- 
tained ; and taking the number of pounds of water 
raised 1** by the combustion of one pound of coal 
as the standard of comparison,^ the proportions 
were — 

Lambton'B WalFb End . 7,500 

Llangenneeb Coal .... 9,000 
Anthracite Goal .... 12,000 

The cause of the less degree of heat by the 
combustion of coals contaiuing large quantities 
of hydrogen. Dr. Ure considers to arise from the 
great amount of heat rendered latent by the for- 
mation of steam and carburetted hydrogen gas ; 
though the experiments of Dalton, Davy, La- 
voisier, and Crawford all pr9ved that the heat 
produced by the combustion of hydrogen is 
greater than from any other substance.§ All ex- 
periments, however, agree in proving the great 
heat which is derivable from the combustion of 
anthracite coal. Considerable diflSculty attends 
its combustion, on account of this kind of coal 
always breaking up in the furnace into small 
pieces, except it be very gradually heated ; and 

♦ See Collier's "Patent," Art. 456. 

t Reports of the British Scientific Association^ vol. viii. (1 839), 
p. 2x9, 

X These numbers represent the number of lbs. weight of 
water heated I*' by 1 lb. of coal. 

§ Ure's ** Dictionary of Chemistry," Art. " Combustion." 
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unless this precaution be adopted, the draught of 
the fire is wholly stopped. The breakage of the 
coal arises from its slow-conducting power, which 
causes the outside surfaces to expand more than 
the inner parts, when exposed to a high tempera- 
ture ; and this expansion causes the exterior parts 
continually to separate from the interior, imtu the 
whole substance is broken up. The elasticity 
which bitumen gives to coal prevents this result 
with the ordinary qualities of bituminous coal. To 
remedy this inconvenience with anthracite coal^ 
various plans have been proposed for supplying it 
with vapour of water, in order to render it less 
brittle. The advantages of this operation, how- 
ever, are very questionable. For, in America, 
where large quantities of anthracite are burned, 
experiments have been made in order to ascertain 
the cause of the corrosion which sometimes occurs 
to boilers, iron chimneys, and stove pipes, by the 
combustion of anthracite coal : and from a report 
of the Franklin Institute of Pennsylvania,* it ap- 
pears that in these cases the ashy deposit has been 
found to contain muriate and sulphate of ammo- 
nia; sometimes as much as three-fourths of the 
deposit consisting of these salts. Where moisture 
is present, the action of these salts must be much 
increased in activity; and it therefore deserves 
serious inquiry whetner by the addition of vapour 
of water, all descriptions of anthracite become 
in some degree corrosive, or whether the effect is 
peculiar to the coal of certain districts, f It is 

* Mechanic^ Magaadne^ vol. xxxtI., p. 439. 

f Experiments have led the author to oondade that this 
effect is not peculiar to anthracite ooal, but that coke wheu 
burned with moisture produces the same results. The circum- 
stance is interesting in a chemical point of yiew ; and if more 
careful and extensive experiments show this opinion to ^ be 
correct, they may give rise to important inq^uiries concerning 
the compound nature of certain (so called) simple substances. 
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probable, that the destructive effect which is some- 
times produced on thin copper boilers by par- 
ticidar kinds of fuel may arise from somethmg of 
this kind. Where the boiler is of such a form 
that the fire acts particularly on the sharp edges 
which form the connection between the bottom 
and sides of the boiler, instances have repeatedly 
occurred of the corrosion being so active, that the 
bottom has separated from the sides as though it 
had been cut with a chisel ; and in other cases, 
the surface of the boiler, when very thin, has been 
so corroded as to become fiill of holes in the course 
of a few months' wear (Art. 75). 

The inventions which have been brought for- 
ward for consuming and for preventing smoke 
are very numerous. The followmg list will give a 
tolerable idea of the plans which have been pro- 
posed, and of the general methods by which the 
object is sought to be obtained. Those of which 
a description is known to have been published 
have a reference to such description ; but the list 
is not given as a perfectly accurate account of all 
the inventions for this purpose, as no doubt there 
are others which have escaped the author's notice.* 

(400.) The first attempt at consuming smoke 
appears to have been maae by M. Delesme, some 
time prior to 1669, by means of a stove with a 
downward draught ; but it was not at all suitable 
for furnaces. (Philosophical Transactions^ 1686.) 

(401). Dr. Papin (1695) proposed a plan for 
forcing air down a shaft upon the fuel, in order to 

♦ In the following deBoriptionB of the various inyentionB, 
there are several which profess to aocom^sh results utterly 
unattainable by the means proposed. The statements are 
chiefly taken from the published accounts of tibie various plans, 
and several of them are totally contrary to the principles of 
science. The descriptions given must, therefore, not be taken 
as the author's explanation of the operations or the effects, 
but as those of the several inventors. 
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bum the smoke of fiimaces. {Philosophical Transac- 
tiona, 1697). 

(402.) James Watt (1785), patent for consuming 
smoke by admitting air tm^ough openings in the 
front of the fiimace-door, and also by ^adually 
coking the coals. {Repertory of ArtSy vol. iv. 
(1796), p. 226.) 

(403.) C. W. Ward (1792), patent for condens- 
ing smoke by drawing it, by means of an air- 
pump or bellows, through cold water. (Repertory 
of Arts, vol. i. (1794), p. 373.) 

(404.) W. Thompson (1796) proposed a fur- 
nace to bum smoke, by letting air in behind the 
bridge. (Repertory ofArtSy vol. iv. (1796), p. 316.) 

(405.) Koberton, of Glasgow (1800), patent for 
admission of heated air in tnin streams over the 
fibre-door; for coking the coals in front of the 
furnace ; and also a hopper to supply the fiiel. 
(Repertory of Ari^, vol. xvi. (1802), p. 364.) 

(406.) M. de Prony (1809 or 1810), Report on 
apparatus erected at tne Royal Mint, Paris, for 
consuming smoke, by two pipes passing from the 
front of the fumace-aoor and dehvering hot air at 
the bridge. He also states that this plan had 
previously been used by MM. Clement and 
Desormes, and others. \Annale% de Chimie^ and 
Retrospect of Sciencey vol. v., p. 439.) 

(407,) Wm. Sheffield (1812), patent for hollow 
or split bridge, which delivered the air in a hori- 
zontal stream towards the front of the Aimace. 
(GilVs Technical Repository y vol. i., pp. 16 and 42.) 

(408.) J. Wakefield (Manchester), a similar 
patent to the above, and of subsequent date. 
(Ibid.) 

(409.) Wm. Johnson (Salford), a similar and 
subsequent patent. (Ibid.) 

(410.) Losh (1815), patent for dividing the fur- 
nace into two parts, lengthways ; the two com- 
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partments being supplied with fiiel alternately, by 
which the smoke from the fresh fuel passed over 
the more perfectly ignited ftiel, and was thus con- 
sumed. 

(411.) Brunton (1816), patent for revolving 
grate and feeding hopper ; by which the fiiel was 
equally distributed over the fiimace, and in small 

auantities at a time, and thereby preventing all 
ense smoke. {Mechanics^ Magaeme^ vol. i., p. 121.) 

(412.) John Gregson (1816), patent for bring- 
ing air down a shaft, near the bridge, to promote 
combustion. Mechanical means were used to 
supply the fuel by a snail wheel, moved by 
springs. {Quarterly Journal of SciencBy vol. iii., 
p. 348.) 

(413.) Josiah Parkes (1820), patent for split 
bridge, precisely similar to Sneffield's patent of 
1812. (MecJiantcsf Magazine^ vol. ii., p. 250.) 

(414.) W. Pritchard (1820), a patent for a regu- 
latmg weight to close gradually the fiimace-door 
so as to vary the quantity of air passing into the 
furnace. {Repertory of ArtSy vol. xxxix. (1821), 
p. 140.) 

(415.) Mr. Marsh (1824) consumed the smoke 
of furnaces by leaving two openings in the flue at 
the back of the fiimace. {GUVs Technical Reposi- 
tory ^ vol. vi., p. 213.) 

(416.) Chapman (1824) described a plan for 
hollow ramace-bars, that conveyed heated air into 
the furnace through a split bridge which project^ 
the heated air horizontally. Also a hopper to 
supply the fuel. {TraneacUons of the Society of 
ArUy vol. xlii., p. 32 ; and Qwxrterly Journal of 
Science^ vol. xix., p. 138.) 

(417.) James Nevill, patent for a fim fixed in 
the flue, which produced a rapid draught up the 
chimney. 

(418.) Stanley's patent for a feeder for furnaces^ 
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which consisted of a hopper, and grooved rollers 
to crush the coal. Two revolving pans scattered 
the coal over the fire in small quantities at a time, 
and thus prevented the dense smoke. 

(419.) Jeffries (1824), patent for destroying 
smoke by a shower of water. Two chimneys are 
used, and the smoke passes up one and down the 
other, in which latter a shower of water falls from 
a colander, and carries the smoke in the form 
of soot into a drain. (Mechanics^ MdgazvKie^ vol. 
xxxiv., p. 198.) 

(420.) Mr. Oldham, of the Bank of England, 
employed a plan of rocking-bars, moved by a 
small eccentric on a shaft worked by the engine. 

(421.) G. Chapman, of Whitby, plan for con- 
suming smoke by the use of hollow fiimace-bars, 
delivering heated air at the bridge of the frimace, 
1825. {Repertory of Arts j vol. xlvi., p. 360.) 

(422.) J. Gilbertson (1828), patent for making 
the sides of the furnace of hollow plates, through 
which the air passes, and is delivered in a heated 
state at the back of the ftimace. (Bepertory of 
Arts, vol. vii. (1829), p. 65.) 

(423.) Wm. Taylor (1830), patent for con- 
suming smoke, by forcing it through the fire, 
mixed with atmospheric air by means of an air 
pump. Also for a mode of passing the smoke 
through red-hot pipes placed in the fiimace 
among the fuel, which pipes form the only outlet 
to the chimney. (Bepertory of Arts, vol. i. (1834), 
p. 282.) 

(424.) J. C. Douglass (1833), patent for two or 
more sets of bars. The smoke from the first set 
passes downwards below a bridge, and thai up- 
wards through a second set of bstrs, on which 
burning fiiel is placed. (Bepertory of Arts, vol. v, 
(1836), p. 346.) 

(425.) J. G. Bodmer (1834), patent for tra- 



396 COMBUSTION OP COAL. 

versing bars, moved by machineiy, which receive 
the fiiel from a feeder, and discharge the ashes at 
the further end of the fiimace. 

(426.) Richard Coad (1835), patent for heating 
the air by passing it through pipes placed in the 
flues, ana delivering the air at tne bridge of the 
fiimace. (Mechanics^ Magazine^ vol. xxvii.,p. 375.) 

(427.) X. Hedley^s patent for purifying smoke 
by four or six flues, of which one half ascend 
and the other half descend. A shower of water 
falls through the descending flues and washes the 
smoke, depositing the carbon in the form of lamp- 
black. 

(428.) William Richard, of Leeds, patent for 
gasometer applied to furnaces, so that on opening 
the fiimace-ooor to feed the fire a passage is 
opened from .the gasometer, containing condensed 
air, to a number of holes at the back of the bridge, 
and the supply of air gradually diminishes as the 
fire bums clear. 

(429.) Samuel Hall (1836), patent for cast-iron 
pipes placed upright in the flue at the back of the 
mrnace, and then passing towards the front. The 
air is thus heated to about 300% and the gases in- 
flame in front of the fiimace. {Mechanics^ Maga- 
zine^ vol. xxviii., p. 226.) 

(430.) John Hopkins (1836), patent for a curved 
bridge, by which the smoke ana gases are thrown 
back again upon the burning fuel. {Repertory of 
Arts, vol. vii. (1837), p. 252.) 

(431.) Jacob Perkins (1836), patent for two sets 
of bars and two Mh-pits. The second ash-pit is 
closed, and supplied with air by a fan, so as to 

give more air to that part of the furnace, and thus 
urn the smoke from the fuel on both sets of 
bars. (Repertory of Arts, vol. viii. (1837), p. 268.) 
(432.) Joseph Chanter (1837, &cA several 
patents for smoke burning, principally by in- 
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clined bars — double sets of bars — air supplied 
through tubes placed under the first set of bars — 
and hot air supplied at the bridge. 

(433.) James Drew, Manchester, patent for two 
sets of bars. The coal is coked on the first set, 
and passed on to the second set, which is then 
raised by rack-work as near the boiler as possible. 

(434.) Paul Chappe, patent for injecting small 

i'ets of boiling water over the fire, in fi*ont of the 
)ridge. 

(435.) Ivison and Bell (1838), patent for inject- 
ing small jets of steam into the furnace, and also 
for heating the air by passing it through tubes. 
{Mechanics^ Magazine^ vol. xxviii., p. 221, and vol. 
XXX., pp. 69 and 107.) 

(436.) Rodda's patent for a furnace divided 
across in two parts. The fiiel is first put into the 
compartment nearest the door, and afterwards 
thrown backwards to the further compartment. 
The smoke is burned by passing over the clear 
fire of the second compartment. {Mechanic^ Maga- 
zine^ vol. xxxi., p. 386.) 

(437.) Cheetham and Bayley, patent for a fan 
which catches the smoke and. forces it, mixed 
with fi:esh air, through the ash-pit and fiirnace'- 
bars, the ash-pit being made air-tight. 

(438.) Thomas Hafi (Leeds), patent for dividing 
the fiirnace in two compartments lengthways, 
which are supplied with fuel alternately, and the 
smoke thereby passes over red-hot fiiel. 

(439.) James Nevill (1837), patent for two sets 
of hollow bars containing water. A downward 
draught is produced by the chimney drawing 
only fi:om the lower set of bars "and the smoke 
burned by passing through the hot fuel in contact 
with the bars. {Repertory of Arts j vol. xii. (1839), 
p. 220.) 

(440.) John Juckes (1838), patent for heating 
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the fuel by passing it through highly-heated pipes 
or other surfaces, by which it is coked before it 
passes into the fire, which is effected by mecha- 
nical means. {Repertory of AriB^ vol. xiii. (1840), 
p. 122.) 

(441.) J. A. Caldwell (1839), patent for a rotary 
fan, by which air is forced into a closed ash-pit ; 
the furnace-bars are placed very close together, 
and a moveable damper is applied in the chimney, 
by which the velocity of the smoke escaping is 
retarded, and the heated gases retained longer in 
the furnace. {Repertory of Arts ^ vol. xiii. (1840), 
p. 83.) 

(442.) William Miller (1839), patent for rocking 
bars, by which each alternate bar is made to move 
lengthways in opposite directions, backwards and 
forwards ; and thus preventing clinkers, and con- 
suming the smoke by allowing a free passage for 
the air through the bars. {Repertory of Arts, vol. 
xvii. (1842), p. 143.) 

(443.) C. W. Williams (1839), patent for sup- 
plying air in jets to the furnace, principally 
behind the bridge, by a diffiision box. The air is 
supplied cold. 

(444.) Andr^ Kurtz (1840), patent for three sets 
of oars , those at each end inclined, and the middle 
set lower than the others. Hollow bearing bars 
which convey heated air into the furnace. {Me- 
chanics^ Magazine^ vol. xxxiv., p. 397.) 

(445.) Junius Smith (1840), patent for a double 
fan or blower, which passes heated air with the 
smoke through the furnace-bars a second time. 
The heavy gases are allowed to fall by their 
gravity below the fan, which then forces them 
down, and filters them through gravel or sand. 
{Repertory of Arts^ vol. xvi. (1841), p. 81.) 

(446.) Baron Von Rathen (1840), i)atent for 
hollow fire-bars, resting upon bearers with steps, 
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forming two sides of a triangle, which allows more 
air to pass into the furnace. Also, a coal-feeder 
placed over the dead-plate, which supplies fiiel 
without opening the door. [Mechanic^ Magazine^ 
vol. XXXV., p. 27.) 

(447.) Grodson and Foard (Jan., 1841), patent 
for a box placed below the ftimace-bars with a 
moveable bottom. The box being filled with fiiel, 
the bottom is gradually raised by a lever, and 
supplies fuel from below, the smoke from which is 
consumed by passing through the red-hot fuel. 
{Repertory of Arts^ voL xviii. (1842), p. 129.) 

(448.) M. Coupland (Sept., 1841), a patent for 
moveable centre bars which pass downwards into 
a box, nearly similar to Godson's. {Repertory of 
Arts J vol. xviii., p. 207.) 

(449.) F. Heindruckx (1841), patent for a fur- 
nace without bars. The sides of the fiimace are 
inclined, and a narrow opening is left at the bot- 
tom, the whole length of the furnace, through 
which the air enters, and is regulated by a longi- 
tudinal valve. (Mechanics^ Magazine^ vol. xxxv., 
p. 366.) ^ 

(450.) J. C. March (1841), patent for causing 
air to be blown in streams on the upper surface of 
the fiiel without passing through the fire. No 
fiimace-bars are used by this man. {Mechanics^ 
Magazine^ vol. xxxv., p. 492.) See also a some- 
what similar plan. Art. 401. 

(451.) John Juckes (1841), patent for a furnace 
grating passing over rollers at each end of the 
furnace uke an endless chain. The bars revolve 
by machinery, receiving fiiel from a feeder placed 
near the door, and deliver the ashes at the further 
end of the firrnace. {Repertory of ArtSy vol. xvii, 
(1842), p. 210.) 

(452.) J. Prosser (1842), patent for a furnace- 
bridge, with square holes for the admission of air. 
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The bridge is fixed close against the bottom of 
the boiler. 

(453.) Kymer and Leighton (1843,) patent for 
diagonal bars resting in small longitudinal troughs 
of water. A closed ash-pit is used, and a fan 
forces air through the bars and also over the fuel. 
The plan used principally for anthracite coal. 

(454.) Schofield, of Leeds (1842), proposed the 
use of very narrow furnace-bars, Quarter of an inch 
wide at top, and as thin a^ possible at bottom, and 
two inches deep. These bars admit a larger quan- 
tity of air than usual, and thus consume the smoke. 

(455.) E. BiUingsley, of Bradford (1842), pro- 
posed a focal bridge beyond the fiimace-bars, and 
a sliding rack or grating in front of the fiirnace 
to admit air. {Mining Journal^ Jan. 7, 1843.) 

(456.) E. H. Collier (1843), patent for the use 
of a second fire at a distance from the usual fire. 
The smoke, after passing through the ordinary 
flues, is carried over this second fire, and there 
mixed with an additional quantity of air, when it 
inflames, and is carried through a second set of 
flues before passing into the chmmey. 

(457.) Butler's (1845) registered plan for move- 
able bridge, which opens to regulate supply of air. 
[Mechanics^ Magazine^ vol. xlii., p. 50.) 

(458.) Whiteley's (1845) registered plan for 
feeding apparatus and admitting fresh air. {Mecha- 
nics^ Magazine^ vol. xlii., p. 147.) 

(459.) Blackwell's (1848) patent for a double- 
chambered fiimace for coking the ftiel. (Mechanics^ 
Magazine J vol. xlix., p. 122.) 

(460.) Acock's (1848) patent for a feeding hop- 
per and other improvements. {Mechanics^ Magazine j 
vol. xlix., p. 554.) 

(461.) Burrow's (1848) patent for a regulating 
feed-roller to furnaces. {Mechanics* Magazine^ 
vol. 50, p. 425.) 
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(462.) James Robertson (1848), patent for per- 
forated tubes to convey air into the furnace. 
(Mechanics^ Magazine^ vol. 50, p. 429.) 

(463.) Grist's (1849), patent for revolving fur- 
nace-bars. {Mechanics^ Magctzine^ vol. 60, p. 108.) 

(464.) Newcombe's (1849) reciprocating tiimace- 
bars, moved by a cam. (Mechaniea^ Magazine^ 
vol. li., p. 67.) 

(465.) Samuel Hall (1849), reciprocating fur- 
nace-bars moved by eccentrics. {Mechanics^ Maga- 
zine^ vol. li., p. 28o.) 

(466.) Elijah Galloway (1849), oscillating fur- 
nace-bars. (Mechanic^ Magazine^ vol. lii., p. 239.) 

(467.) Joseph Johnson (1849), patent for heated 
air delivered through pipes, at or near the bridge. 
{Mechanic^ Magazine^ vol. lii., p. 318.^ 

(468.) William Hargreaves (1850), patent for 
oscillating bars combined with a feeding-bed which 
forces the fuel gradually forward in the furnace. 
{MechmicB^ Magazine^ vol. liii., p. 335.) 

(469.) D. L. Williams (1850), patent for hollow 
furnace-bars. {Mechanics* Magazine^ vol. Iv., p. 1.) 

(470.) T. 8. Prideaux (1850), patent for air- 
valve closing gradually to regulate the quantity of 
air which passes into the fiimace through perfora- 
tions in the inner door ; the air becommg heated 
by passing through them. {Mechanic^ Magazine, 
vol Iv., p. 18.) 

(471.) George Anstey ^1851), patent for passing 
smoke through a series oi apertures to keep it in - 
contact with flame. {Mechanic^ Magazine, vol. Iv., 
p. 75.) 

(472.) Johann Stierba (1852), patent for feeding 
hopper, and air tubes for delivering air at the 
bnoge. {MecJumics^ Magazine, vol. Ivii., p. 422.) 

(473.) Sorrell's (1852) patent for oscillating 
fiimace-bars worked by cams ; a feeding hopper 
worked by a roller ; and for admitting air at * the 

D D 
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bridge of furnace. {Mechanics^ MagcunnCy vol. lix., 
p. 26.) 

(474.) Green's (1853) patent for double fires, to 
be fed alternately, together with peculiar system 
of flues. (Mechanics^ Magazine^ vol. Ixi., p. 2.) 

(475.) Jearrard (1853) hollow perforated fire- 
brick sides, &c., for admission of air to furnace. 
{Repertory of Arts^ J^y? 1854.) 

(476.) Gilbertson (1854), a perforated iron 
tube over the fuel to deliver air to furnace. {Re- 
pertory of Arts J March, 1855.) 

(477.) Simpson (1854), stops or inverted bridges 
in the furnace to deflect air on to the fuel. {Re- 
pertory of ArtSy April, 1855.) 

(478.) Yates (1854), mechanical feeding appa- 
ratus for furnaces. (^Repertory of Arts, March, 
1855.) 

(479.) Taylor (1854), furnace supplied with 
air above the fuel and not through furnace-bars. 
{Repertory ofArtSy September, 1855.) 

(480.) Manley's (1854), method of descending 
stream of water, in the shaft or upright flue. 
[Mechanics^ Magamne, vol. Ixi., p. 205.) 

(481.) W. Woodcock (1854), patent for air- 
tubes at sides of furnace, above the furnace-bars, 
delivering heated air beyond the bridge of furnace 
in jets. {Mechanic^ Magazine, vol. Ixi., p. 410.) 

(482.) Parker's (1854), patent for a loose or 
moveable box or bridge, pierced with holes, and 
placed in front of the ordinary bridge, on the 
bars ; by which heated air is delivered to the 
gases as they pass over the fiimace-bridge. {Me- 
chanici Magazine, vol. Ixi., page 445.) 

(483 .) Galloway's ( 1 854), patent for pipes placed 
below the furnace-bars, and delivering air into a 
hollow or double bridge. {Mechanics^ Magazine, 
vol. IxL, p. 458.) 

(484.) It appears unnecessary to describe mora 
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of these inventions for burning smoke. The 
recent plans have been far less numerous than 
they were a few years ago, partly because almost 
every conceivable form has been patented re- 
peatedly before, and also because since the 
passing of the Act for the consumption of smoke 
in large towns, people appear to have become 
awaxe that there are many ways of accomplishing 
this object, and that no patent process whatever 
is necessary for the ptirpose. The process of 
smoke-burning is indeed extremely simple in 
itself, and, with the exception of some very few 
of the preceding inventions, which are clearly 
founded on a misconception of the chemistry of 
combustion, they all attempt to effect the same 
object; namely, to bring a larger quantity of 
atmospheric air into contact with the fdel, or 
with the products of the first combustion. It 
will be remarked that all the later plans, without 
exception, are mere modifications of the very 
earliest inventions ; and that the first six or eight 
plans described in this list contain the gist of the 
many subsequent inventions for this purpose. In 
fact, i4 will be perceived that the same identical 
plans have been again and again patented by 
different individuals : and it is extremely doubt- 
ful whether any patent of the present day is 
really valid in law, and whether it cannot be 
shown to have been long previously known to the 
world, and fi'ee for general use. 

In most of these plans the design of bring- 
ing a larger quantity of air into the furnace is 
obvious. But in some few this principle is not so 
plainly developed. Among these latter may be 
noticed the inventions in which a jet of steam is 
thrown into the furnace, and two other inventions 
in which a shower of water falls down the flue 
with considerable velocity. In all these cases the 
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great velocity of the steam and the water give an 
additional impetus to the motion of the gaseous 
bodies within their immediate sphere ; and these 
again communicate their velocity to those which 
are more distant, and thus draw into the furnace 
an additional quantity of air.* There are prac- 
tical difficulties, however, attending the use of a 
shower of water used in this way, which must 
effectually prevent these inventions coming into 
very general use. 

(485.) A second class of inventions are those in 
which the fuel is gradually coked, before it enters 
into combustion. When coal is suddenly exposed 
to a high temperature, a very large quantity of 
gaseous matter is given off, wmch quantity gradu- 

* This peculiar property of fluids, both liquid and aeriform^ 
to communicate motion to other fluid bodies, not in actual con- 
tact with them, is comparatively but little known, and yet is 
most extensively an operative cause in many phenomena pro- 
duced by nature and by art. In very few works on natural or 
experimental science is this principle at all alluded to. The 
peculiar property in question maybe illustrated by supposing a 
pipe of severed feet in length, and of considerable diameter — 
say, for example, 12 or 14 inches — ^and open at both ends; let 
there be also a small pipe of about one inch diameter, inserted 
into one end of the large pipe for a short distance, and let there 
be a current of air or steam forced through the small pipe with 
considerable velocity. The action of this current of air or 
steam will be such, that it will continue its course after leaving 
the small pipe for a very considerable distance along the large 
pipe, at its original velocity, and with scarcely any lateral ex- 
pansion ; and it will communicate its own velocity to a very 
great body of air in the large pipe, which will thus have a cur- 
rent produced in it of considerable intensity. The distance to 
which the current passing along the small pipe will proceed^ 
without losing its velocity and mixing with the aeriform fluid 
contained in the large pipe, will depend upon the initial velocity 
which is given to it ; but this distance is very considerable, and 
the quantity of air is very great, which may be put in motion 
in the large pipe, by an extremely small jet of air in the small 
pipe. The currents and eddies of many rivers and lakes have 
their origin in this cause. The draught caused in the chimneys 
of locomotive engines by a jet of steam, the action of all chim- 
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ally diminishes as the coal becomes more nearly 
converted into coke. By slowly heating the coal, 
a more equable evolution of gas is produced. This 
residt is very eflFectually accomplished by using a 
large dead or dumb plate in front of the furnace. 
The coals being placed on this plate are gradually 
warmed, and at last arrive at a state of incandes- 
cence, when all the gas has been driven off ; by 
which gradual distillation of the volatile gases, the 
necessary quantity of air to produce combustion is 
more easily obtained, as the demand for it thus 
continues nearly uniform throughout the whole of 
the process of combustion, instead of the very 
large additional quantity required when a fi^esn 
charge of coal is tnrown on the fire in the ordinary 

ney oowls; and other of the phenomena which occasionally 
present themselves in practical science, are due to this fact. In 
the case of chimney cowls the effect is very remarkahle. What- 
ever efficacy any chimney cowl really possesses, arises entirely 
from this cause ; though very few of the contrivers of these 
instruments are aware of the fact. The only inventions for 
chimney cowls which appear to have been specially contrived 
with the knowledge of this principle are those patented by 
Mr. Carson in 1840, and a more recent invention called the 
Himalaya chimney funnel. The former, however, though con- 
structed strictly on this principle, has the disadvantage common 
to all cowls which turn round with the wind, of sometimes 
meeting the current of air instead of being always turned in 
the same direction as the wind ; while the latter cowl or flmnel, 
being a fixture, can never be in a wrong direction with respect 
to the wind. This latter invention consists of a double pipe or 
funnel ; the smoke passes through the inner pipe, and the air 
passing between the inner and outer pipe, gives velocity to the 
smoke passing through the inner pipe. Mr. Carson's invention 
is described in the Repertory of ArUy vol. xv. (1841), p. 71 ; 
and in his apparatus the air passes through the inner pipe, and 
the smoke through the outer pipe. 8ome interesting experi- 
ments have lately been made by Mr. Ewbank on this subject, 
which are given in the Franklin Journal of F&nnsyhania^ and 
also in the Mechanic^ Maganiney vol. xxxvii., p. 372. See also 
Wyman "On Ventilation" (Boston, 1846), for a full descrip^ 
tion of the effects of various forms of cowls, pp. X5 1 — 8 6 1 . Also 
Ewbank's " Hydraulics," p. 481, et. wq. 
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method of supplying fixel. The use of a large 
dead-plate in this way is quite sufficient of itself, 
without any additional contrivance, to consume 
all the smoke of a fiimace, provided the fire on 
the bars be kept thin, so as to allow a more ready 
entrance for the air through the fiiel. Consider- 
able attention is however required on the part of 
the fireman, that the fuel on the dead-plate be 
gradually pushed forward into the furnace as it 
becomes heated. When the fuel is supplied 
through a hopper, placed in firont of the furnace, 
the necessity for opening the furnace-door becomes 
much less Sequent, and the unnecessary cooling 
of the furnace is thus prevented. Where no air 
is admitted except through the furnace-bars, 
there will, however, always be a considerable 
quantity of carbonic oxide formed during the 
combustion; and although, under these circum- 
stances, there is no smoke, the greatest effect of 
the fuel is not, by this means, produced. A 
moderate quantity of air ought to be introduced 
into the furnace, to mix with the gases distilled 
from the coal, and also to convert the carbonic 
oxide formed by the upper strata of coal into 
carbonic acid. This air ought to be heated before 
it enters the furnace, as it thus more readily in- 
flames, mixes more easily with the heated gases of 
the furnace, and prevents injury by the imequal 
action of cold currents impinging against the bot- 
tom of the boiler. It pernaps matters but little 
in what part of the fiimace this air be introduced ; 
but the more it is diflFused the better, as the heat 
is then less likely to become too intense on one 
particular part. Various simple methods of in- 
troducing heated air may be used ; and the plan 
of usihg two pipes in the manner originally em- 
ployed at the Koyal Mint at Paris (Art. 406), as 
long ago as the year 1809, answers the purpose 
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extremely well. The apertures to the pipes should 
be furnished with coyers which can be partially- 
closed; and by the experiments of Mr. Houlds- 
worth,* it appears that an aperture for the air, 
varying from li to three square inches, for each 
square foot of the area of the furnace-bars, will 
be sufficient for this purpose, the size of the 
pipes varying with the nature and quality of the 
coals. 

(486.) The gradual coking of the fuel is like- 
wise effected 'by such plans as those of Drew, 
Godson, and Coupland. Godson's plan effectually 
cokes the coal, and is perfectly compatible with 
any method of introducing additional air above 
the fiiel to consume the carbonic oxide. The 
plans of Losh, Rodda, Thomas Hall, CoDier, and 
some others, in which the flame from one fire 
passes over a second fire of clear bright burning 
fuel, is another mode of accomplishing the same 
object, but apparently less simple in its operation ; 
and the mechanical means of continually feeding 
the fire, used by Stanley and by Brunton, produce 
nearly the same effect as the method of coking 
the coals would do ; as by these means the evolu- 
tion of the gases from the coal is equalised through- 
out the combustion, and the extraordinary demand 
for air, when fresh charges of coal are supplied 
in the common mode of firing, is thereby avoided. 

(487.) The method of supplying heated air 
through a split bridge has been repeatedly 
patented. Mr. Sheffield, in 1812, was un- 
doubtedly the first to prc^se this plan, and his 
method of making the aperture deliver the heated 
liir horizontally into the furnace, is perfectly cor- 
rect in principle. The defect of these plans has 
frequently been that too large a quantity of air 

* " Beport of the Select Committee of the House of Com- 
monB on the Prevention of Smoke," p. 105. 
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has thus been brought into the fdmace, and the 
eflFect has been to lower its temperature. Mr. 
C. W. Williams' plan of diffusion would be very 
good, if it were used with hot air, instead of cold 
air, which latter is specially directed by the 
patent to be used ; but by the former method, it 
would approach very near to the prior patent of 
Mr. Samuel Hall, aiffering only m bemg more 
simple and inexpensive. It should not, however, 
be overlooked, that it is not so easy to heat large 
quantities of atmospheric air to a high tempera- 
ture as some persons imagine. When hot air is 
applied to blast furnaces, it is found that to heat 
the air to about 600^ Fahrenheit, it is necessary 
for it to traverse a surface of cast-iron pipes at 
nearly a red heat, for a distance of about 5i feet. 
The mere instantaneous passing of air through a 
heated metallic perforated plate, would therefore 
add but little to its temperature, unless it were 
also made to travel through heated pipes for some 
considerable distance. 

(488.) Probably one of the most effectual 
methods of bummg smoke is the plan of Mr. 
March (Art 450), by blowing air downwards upon 
the fiiel by a fan, and dispensing with the use of 
fiimace-bars. There can be no question that a 
most perfect combustion of the fiiel may be thus 
produced; but it is very doubtful whether the 
additional trouble which this method would cause, 
and the necessity for a mechanical power to pro- 
duce the requisite blast of air, will not prevent its 
adoption to any considerable extent. A similar 
plan to this is stated to have been tried experi- 
mentally in some of the furnaces used ixx the 
manufacture of iron ; and as the whole of the 
carbonic oxide must, by this plan, be consumed, 

* Dufrenoy's Beport on Hot Air in Iron Works of England. 
.London 1836. Page 77. 
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there will necessanlj be a considerable saving 
of fuel.* 

(489.) It has been objected to the various plans 
for the admission of air to the gases above the 
fuel of the furnace, that the air, when thus admit- 
ted, prevents to a certain extent the admission of 
the air through the furnace-bars, and thus reduces 
the rate of the combustion of the fuel on the 
furnace-bars. This to a certain extent is true, 
but it can be no argument against the plan ; for 
it can only be when the air is unproperly admitted, 
and escapes through the flues in an uncombined 
state, that the total combustion of the furnace can 
be reduced by the admission of air above the fuel. 
And in general it will follow that the heat of the 
furnace being lucreased by the perfect combustion 
of the gases on the top of the fiiel, the draft of the 
furnace will be increased, and therefore there will be 
a greater tendency to the influx of air through the 
Amiace-bars as well as through the other apertures* 
The use of heated air, however, in preference to 
cold air, is fiur more likely to prevent any loss bv 
the passing of air in an uncombiued state througn 
the flues. When cold air is used, this result is 
not unlikely to occur ; for gases, at temperatures 
differing considerably from each other, mix to- 
gether very slowly ; and therefore it may often 
happen that by introducing cold air into a Aimace, 
the mixture of the air witn the gases will not take 
place until they have passed into the flues, and 
the temperature become too much reduced to 
cause their accension. 

(490.) The practical result of these remarks is, 

* Some interesting researches by M. Ebelmen, on the appli- 
oation of the carbonic oxide from blast fumaoes, to useful 
purposes, have shown that the loss of effect bj the escape of 
the carbonic oxide amounts to 62 per cent, of the total quantity 
of fael consumed in blast furnaces. — Repertory of ArU^ 
▼oL xviii. (1842), pp. 116-313. 
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that there are many effectual contrivances for the 
combustion of smoke, combining the advantage of 
great economy of fuel. For this purpose, the 
more simple the apparatus the better ; and with a 
very slight degree of attention on the part of the 
firemen, several of the plans which have been 
described would be certam to succeed in abating 
the nuisance of smoke entirely, and with con- 
siderable economy in the consumption of fiiel. 
The saving in fuel would necessarily be very 
considerable. In very few furnaces the saving 
would be less than twenty-five per cent. ; and ia 
many which now produce large volumes of smoke 
the saving would be considerably greater. A 
large amount of the present evil of smoke arises 
from most fiimaces being overworked, in con- 
sequence of their being two small for the duty 
required from them. But, with a moderate degree 
of attention on the part of the firemen, the pre- 
sent furnaces, with very slight alteration, could 
be made effectually to bum their smoke ; and the 
most effectual way would be combine the plan of 
delivering air through numerous small openings 
made in the inner plate of the furnace-door (sup- 

Slied by one or ^o large openings in the outer 
oor covered with a slide) ; and also by allowing a 
further quantity of air to pass to the bridge 
through pipes laid along the ftimace-bed. For 
small fimiaces either of these plans singly^ will 
suffice ; but for larger furnaces the best effect wiU re- 
sult from the two modes conjointly. Means must 
be taken to stop off a portion of the air at certain 
stages of the combustion, or there will be more air 
admitted than will be desirable. Both these plans 
have long been in use, many years prior to the date 
of any existing patents ; and the necessary altera- 
tions to adapt them to ordinary fiimaces. need not 
involve anything beyond a very moderate expense. 
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(491.) Before concluding these remarks, a few 
words on artificial fuels may not be amiss. A 
great number of patents have been obtained for 
forming artificial fuel, the principle of them all 
beinff to combine the smaU and refuse coal into 
a solid body. As early as 1799, a patent was 
obtained by M. Chabannes for this purpose, and 
it is difficult to discover in what this patent 
differs from the various subsequent and recent 
ones for the same object. The principal in- 

Sredients used in all these compositions are coal- 
ust, coke, peat, bark, saw-dust, tan, clay, sand, 
pitch, coal-tar, alum, nitre, vegetable matter, and 
animal excrement. Different persons combine 
these substances in different proportions, and 
some omit altogether certain of these ingredients. 
A very powerful and efficient fiiel can be com- 
posed by mixtures of these substances ; and it 
appears by some experiments reported by Dr. 
Buckland to the British Scientific Association,* 
that when tried against Welsh coal, Pontop coal, 
and Wylam Main coal, the artificial compound 
was found to be very considerably more powerful 
in heating effect than either of these coals. These 
compound fuels, however, are subject to one incon- 
venience when used by themselves in fiimaces ; 
that the coal tar is very liable to distil from the 
fuel without being consumed, in which case it 
clogs up the furnace-bars, and partially stops the 
due admission of air. When it is used with a 
certain proportion of ordinary coal, this incon- 
venience is less likely to occur, and probably 
with moderate care it may be avoided. And 
these methods of combining refuse coal, which 
must otherwise be nearly valueless, may in many 
places be most efficiently applied to obtaining a 
powerful and useful fuel at a moderate expense. 
♦ B^^tof BritUh 8eimUifie Asioeiaticny vol. yii. (1S38), p. 85. 
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Tablb L 

Table of the Expanmre Force of Steam in Atmoepheres, and 
in lbs. per square inch; for Temperatures above 212^ of 
Fahrenheit. 

K«B. — ^The itMm i> tuppofed to be In contact with the water from which it 
If formed, and toe water and ateam to be alike in temperatnre. 
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-< 
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1 


16 
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9 
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10 
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46 
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11 
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60 
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12 
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66 
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686 
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18 
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60 
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14 
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.. 
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16 
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70 
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281 
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16 


240 
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76 
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718 
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2 
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17 
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80 
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260 
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18 
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726 
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19 


286 
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90 
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4060 
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20 
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96 


1426 
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280 
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43- 1 
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21 
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4360 
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8 


46-0 
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22 
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4600 
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4 


60 
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28 


846 
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763 


310 


4660 
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6 


76 
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24 


360 
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130 
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768 


320 


4800 


820 


6 


90 


489 


26 


876 


636 


140 


2100 


768 


330 


4960 


832 


7 


106 


467 


80 


460 


646 


160 


2260 


768 


340 


6100 


842 


8 


120 


478 


86 


626 


666 


160 


2400 


772 


360 


6260 



*^* The pressures above three atmospheres in the abore 
Table are deuced from the experiments of MM. Dulong and 
Arago. Their calculations extend only as far as 50 atmospheres ; 
from thence the pressures are now calculated to 350 atmospheres 
by their formula, viz. : — t^ %/ e — 1 

•7158 
where e represents the pressure in atmosphereSi and t the tem- 
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perature abore 100* of Centigrade. In this equation each 100^ 
of Centigrade is represented oy unity. 

In reducing these temperatures fit)m Centigrade to Fahren- 
heit's scale, where the fractions amount to *d, they have been 
taken as the next degree above, and all fractions below '5 have 
been rejected. 

More than twenty di£Perent formulss for this purpose are 
given in the Eneyehpadia Brttanniea, art. Steam. 

Table II. 

Table of the quantity of Yapour contained in Atmospheric Air, 
at different Temperatures, when saturated. 









■pi 



•s 



til 
a%4 



20° 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 



1-52 
1-64 
1-76 
1-89 
203 
216 
2-31 
2-43 
2-62 
2-80 
2-99 
8-21 
3-45 
8-69 



48** 

60 

52 

54 

56 

58 

60 

62 

64 

66 

68 

70 

72 

74 



3-94 
419 
4-46 
4-77 
606 
6-40 
6-76 
612 
6-50 
6-91 
7-31 
7-77 
8-27 
8-80 



76** 
78 
80 
82 
84 
86 
88 
90 
92 
94 
96 
98 
100 



9-38 
9-99 
10-59 
11-29 
11-98 
12-68 
13-36 
14-15 
14-93 
15-81 
16-76 
17-83 
19-00 



\* The above Table is computed from Dr. Dalton's experi- 
ments on the Elastic Force of Yapour. 

The weight of a cubic foot of steam, at the pressure of 30 inches 
of mercury, is 257*1 19 grains; therefore at any other pressure ji, 

the weight will be ^^^^^ = a?. But as vapours expand ^J,, 

for each degree of Fahrenheit, this equation must be corrected 
for the difference in the expansion of the vapour at the tempo- 
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rature of 212°, and the temperatoreji, in the preceding equation. 
Therefore, the Tolume of l^e vapour at the temperature p^ will 

bel + ^^Q,- the volume at 2 12^ being 1 + ||^= 1*441, when the 

volume is assumed to be unity at zero. The weight of a cubic 

foot of vapour will therefore be 



1-441 xg 



= f^. 



Table III. 

Table of the Expansion of Air and other Oases by Heat, when 
perfectly free from Yapour. 



Temperature, 

Fahrenlieit'B 

Scale. 


ExpasBioii. 


Temperaturei 

Fahrenheit's 

Scale. 


Expansion. 


82° 


1000 


100° 


1152 


35 


1007 


110 


1178 


40 


1021 


120 


1194 


45 


1032 


130 


1215 


50 


1043 


140 


1235 


55 


1055 


150 


1255 


60 


1066 


160 


1275 


65 


1077 


170 


1295 


70 


1089 


180 


1315 


75 


1099 


190 


1334 


80 


1110 


200 


1354 


85 


1121 


210 


1372 


90 


1132 


212 


1376 


95 


1142 


— 


— 



♦^^* The above numbers are obtained from Dr. Dalton's 
experiments, which give an average of ri^ part, or '00207 for the 
expansion by each degree of Fahrenheit. Gay Lussac found it 
to DO equal to riff pa^t) or -002083 for each deeree of Fahren- 
heit ; and that the same law extends to oonaensible vapours 
when excluded from contact of the liquids which produce them. 
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Table TV. 
Table of the Specific Gravity and Expansion of "Water a 
. different Temperatures. 
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%♦ In the above Table the expansions are calculated by Dr. 
Young's formula, 22 /• (1— -002 /) in 10 millionths. The 
diminution of specific gravity is calculate by this equation : 
•0000022 /^— 00000000472 J^. In both equations, / repre- 
sents the number of degrees above or below 39° of Fahrenheit. 
The absolute weight of a cubic inch of water, at any temperature, 
may be found by multiplying the weight of a cubic inch at 39°, 
by the specific gravity at the required temperature. Water is 
829 times the weight of air ; and 13-2 cubic feet of air weighs 
1 lb. There are 437*5 grains in an ounce, and 7,000 grains in 
a potmd. 
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Table Y. 

Table of the Specific Heat, Specific Gravityy and Expansion b j 

Heat of different Bodies. 

Barometer 30 Inchee. — ^Thermometer 60^. 
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Nickel 

Pewter (fine) 

Platinum 

Silver 

Solder (lead 2 + tin 1) 
Spelter(brass24-c2nol) 
Steel (untempered) . . 

(yellowtempered) 

Sulphur 

Tellurium 

Tin 

Zinc I 



2669 
2767 
8470 
2764 
2369 
2210 
2884 
3*2936 
4207 
2361 



1000 
0288 



1498 
0949 
0298 



1100 
0293 
1035 

03i4 
0567 



1880 
0912 
0514 
0927 



1*000 

•633 

•9722 

1-5277 

1-6277 

•9722 

•0694 

•9722 

11111 

1^000 
9-880 
7-824 
8-396 
8-600 
8-900 

19-250 
2-760 
2-520 
7-248 
7-788 

11-350 
8-279 

21-470 
10-470 



7-840 
7-816 
1-990 
6115 
7-291 
7^191 



Gnine. 
30-519 

19-068* 
29-65 
46596 
46^596 
29 65 

2118 
29-65 
33^888 
Ounces. 

67^87 
671^7 
452-77 
485-87 
497-6 
5150 
11140 
159-72 
145-83 
418-9 
450-2 
656-8 
478-5 

1242-4 
605-8 



463-7 

462-31 

1161 

353*5 

421-9 

4160 



•00186671 
-00193000 

•00172244 : 
-00146606 : 
-00081166: 
00087572 : 
00111111 : 
-00122045 : 
00284836 : 

00228300 : 
00099180 : 
00208260 : 
00250800 : 
00205800 : 
00107875 : 
00136900 = 



•0C217298 
00291200 



it 



*«* Air is taken as the standard for the specific gravity of the gases^ and 
water as the standard for the solids. 

The specific heat of gases has been recently investigated by Dr. Apjohn, 
and a somewhat different result obtained. (See London and Edinturgh 
^hiloMphioal Mapatine, vol. xii. 102 ; xiii. 261, 339.} 

The expansion in volume may be obtained witnont sensible error, bj 
treblinj^ the number which expresses the increase in length* where Uie frac- 
tion of its length is small. 

• Bpwifio gravity of Btoaiii at 218 -c-tfl. Weight of 100 onbk inches, 14*879 gnlnB. 
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Table VI. 



TABLE OF THE EFFECTS OF HEAT. 

Fahrenheit's 
Scale. 

Soft iroa melts (Clement and Desormes) . . « 3945^ 

Maximum temperature by DanieU's Pyrometer 3280 

Cast iron melts 2786 

Gold melts 2016 

Copper melts 1996 

Silver melts v, • . 1873 

Bronze melts (copper 15 parts, tin 1 part) . . 1750 

Brass melts (copper 3 parts, zinc 1 part) . . 1690 

» (copper 2 parts, zinc 2 parts) . , 1672 

Diamond bums 1552 

Bronze melts (copper 7 parts, tin 1 part^ . . . 1534 

,, (copper 3 parts, tin 1 part) . . 1446 

Enamel colours burnt 1392 

Iron red-hot in dayligbt 1272 

„ in the twilight 884 

„ in the dark 800 

Charcoal bums 802 

Heat of a common fire 790 

Zinc melts (Davy 680°) (DanieU) .... 773 
Mercury boils (Black 600°) (Crichton 655°) (Dalton 
660°) (Petit and Dulong 656°; (Irvine 672°) 

(Secondat 644°) 660 

Linseed oil boils . . . . . . . 640 

Lowest ignition of iron in the dark .... 635 

Lead mens (Quyton and Irvine 594°) (Crichton) . 612 

Steel becomes dark blue, verging on black . . 600 

„ a full blue 560 

Sulphur bums 560 

Steel becomes blue 550 

„ purple 530 

„ brown, with purple spots . .510 

„ brown 490 

Bismuth melts 476 

Steel becomes a full yellow 470 

„ a pale straw colour .... 450 

Tin melts 442 

Steel becomes a very faint yellow .... 430 
Tin 3 + lead 2 + bismuth 1, melts .... 834 

Tin and bismuth, equal parts, melt .... 283 

Sulphur melts 218 

Bismuth 5 + tin 8 + lead 2, melts .... 212° 

£ £ 
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Table of the Effects of Heat {continued), 

Fahrenheit's 
Scale. 
Water boils (barometer 30 inches) .212 

Wax melts 149 

Spermaceti melts • . 112 

Tallow melts (Nicholson VlT") 92 

Acetic acid congeals 50 

Olive oil congeals 86 

Water freezes 32 

Milk freezes 30 

Vinegar freezes 28 

Sea-water freezes 28 

Strong wine freezes 20 

Oil of turpentine freezes 14 

Mercury conceals — 39 

Sulphuric »Uier congeals — 47 

Natural temperature of Hudson's Bay . — 51 
Greatest artificial cold — 91 

*^* See also many other effects of heat in Chapter XI. Part 1. 



Tablb VII. 

Table of the Quantitj of Water contained in 100 Feet of Pipe, 
of different Diameters. 



Diameter 


Contents of 100 Feet 


of Pi|»e. 


in length. 


Inches. 


Gallons. 


i 


•84 


1 


339 


H 


7-64 


2 


13-58 


2i . 


. 21;22 


3 


30-66 


4 


54-33 


5 


84-90 


6 


122-26 
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Table VIII. 
Table of the Strength, or Cohesive Force, of different Sub- 
stances. Bj Mr. George Eennif. 
Bars of six inches long and a quarter of an inch square will 
break with the following weight suspended lengthways : — 

lbs. per square inch. 

Cast Iron (horizontal) . . 1166 equal to 18,656 lbs. 

Ditto (vertical) . . . 1218 „ 19,488 „ 

Cast Steel (tilted) . . . 8391 ,, 134,266 „ 
Blistered Steel (hammered) . 8322 ,i 133,152 „ 
Shear Steel (ditto) . 7977 „ 127,632 „ 

Swedish Iron .... 4504 „ 72,064 „ 

English Iron .... 3492 „ 56,872 „ 

'Hard Gun-metal . . . 2273 „ 36,368 „ 

Wrought Copper (hammered) . 2112 „ 33,792 „ 

Cast Copper . . . .1192 „ 19,072 „ 

Fine Yellow Brass . . .1123 „ 17,968 „ 

Cast Tin .... 296 „ 4,736 „ 

CaatLead . . . .114 „ 1,824 „ 

Per Quetelet. 
Iron Wire, -0769 inches diameter, bears 432 to 615 lbs. 

Copper Wire ditto . . . 302 to 386 „ 

Per Committee of the Franklin Institute.* 
Iron Wire, l-8rd inch diameter, bears 81,387 lbs. per square 

inchy and 14 per cent, less when annealed. 
Best Cable Iron . . .69,106 lbs. per square inch. 
Ditto ditto (hammer hardened) 71,000 lbs. „ 

Eussian Iron .... 76,069 lbs. „ 



Table of the Belative Cohesive Strength of Metals. 

By SiCKENGER. 

Gold 150,956 

Silver 190,771 

Platinum 262,361 

Copper 304,696 

Soft Iron 362,927 

Hard Iron 569,880 

By MUSOHENBBOEK. 

Copper 6 + Tin 1 . . 41,000 

Swedish Copper 6 + Malacca Tin 1 . 64,000 

Brass 51,000 

Block tin 8 + Lead 1 . . . 10,200 

Ditto 8 + Zinc 1 . . . 10,000 

Tin 4 + Regulus of Antimony 1 12,000 

Lead 8 + Zinc 1 . . . . 4,600 
Tin 4 + Lead 1 + Zinc 1 13,000 

* For strength of iron, &c., at various temperatures, see Chap. XI., Part 1 

E E 2 
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Table IX. 

The following Table of the relatiye values of yarious Bort» 
of ^el IB compUed from Marcus Bull's Experiments on Fuel. 
In these experiments all the smoke was consumed. 





Name. 


Specific 
Gravity. 


Weight 

per BuaheL 

lbs. 


Relative 

Heating 

Value. 




Hickory Charcoal 

Oannel Goal 


•625 

1-240 

1-331 

1-204 

M40 

1-268 

1-246 

1-896 

-431 

•401 

•285 

•557 


32-89 

65-25 

7004 

63-35 

59-99 

66-46 

65-56 

73-46 

22-68 

21-10 

15-0 

29-81 


166 
230 
215 
198 
191 
208 
205 
243 
114 
116 
75 
126 




I^iverpool Coal 




Newcastle Coal 




Scotch Coal 




Klarthaus Coal 




Bichmond Coal 




Stony Creek Coal 




Maple Charcoal 




Oak Charcoal 




Pine Charcoal 




Coke 







The bushel measure in this Table is much smaller than the 
English Imperial bushel. 
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Table X. 



Yelodty of chimney draught at different temperatures, the 
external air being at 32'' Fahrenheit. From Pedet's << Trait6 
de la Ohaleur,'* p. 79. 



Tempera- 
ture of 
Warm Air, 
Fahrenheit 


Relative 
Velocity. 


Tempera- 
ture of 
Warm Air, 
Fahrenheit 


Relatiye 
Velocity. 


Tempera- 
ture of 
Warm Air, 
Fahrenheit 


Relatiye 
Velocity. 


86 


4-93 


356 


809 


608 


8-25 


104 


5-51 


374 


814 


662 


8-21 


122 


5-98 


392 


8-17 


752 


813 


140 


6-35 


410- 


8-21 


842 


8-03 


158 


6-66 


428 


8*23 


932 


7-92 


176 


6-92 


446 


8-25 


1022 


7-80 


194 


713 


464 


8-26 


1112 


7-62 


212 


7-33 


482 


8-27 


1202 


7-56 


230 


7-48 


500 


8-273 


1292 


7-44 


248 


7-62 


518 


8-278 


1 1382 


7-33 


266 


7-73 


527 


8-279 


1472 


7-22 


284 


7-83 


536 


8-276 


1562 


7-11 


302 


7-92 


554 


8-275 


1652 


7-00 


320 


7-98 


572 


8-27 


1742 


6-90 


338 


805 


590 


8-26 


1832 


6-80 



It will be seen from this Table that the velocity of chimney 
draught diminishes at the extremely high temperatures, iu 
consequence of the reiy great expansion of the air. 
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AB80RPTITB power of boilers, experiments on 84 

„ bodies for heat 229 

Air always discbarged from boiling water 16 

„ Tents, size of 17 

f, and water, relative weight and velooity of 17 

„ vents, necessity for 16, 47, 163 

„ velocity of, in passing through furnaces 89 

„ and water, tbeir specific heat compared 105, 110 

„ quantity necessary for ventilation 107, 330 

„ quantity c<X)led by glass in buildings 108 

„ moist and dry, its oooUng power 110 

„ its effect on evaporation 179, 242 

„ quantity to be warmed per minute in buildingB 112 

„ quantity that can be heated by iron pipes 107 

„ effect produced on, by heated metals 141 

„ will only retain a certain quantity of vapour 156 

„ small quantitv that imbibeis moisture from wet surfaces . . 180 

„ when highly heated, injurious effects of 141 

„ currents of^ effect on heating apparatus 169 

„ and water, relative cooling powers of 237 

„ heat evolved fiom, by compression 246 

„ cooling power at high velocities 258 

„ impure, its effect on human life 299, 313 

„ how contaminated in respiration . . . . . . 312 

„ diminished pressure, its effects 320 

„ its electric condition, important effect of 322 

„ its rate of expansion by heat 337 

„ its velocity of discharge calculated 337 

„ dry, its effect on health ^ 306 

„ quantity required for respiration 311, 329 

„ decomposed matter contained in 326 

„ its importance philosophically considered 331 

„ fjEUJtitious, its effect on plants.. ^ 333 

„ hot and cold, its effect on combustion 382, 385 

„ condensed and rarefied, effect on combustion 386 

„ ought to be introduced above the fuel in furnaces 406 

„ size of openings for admission to furnaces 407 

„ quantity to produce combustion in furnaces . . . . . . 388 

Alterations in size of pipe, obiectionable . . . . . . . . 54 

Angle of roof, its effect in cooling Ill 

Angles, their effect in water pipes 33 

Angles, vertical, tbeir peculiar effect in circulation 35 

Animal heat, its effect in public buildings 120 

Animal and vegetable life, their relation 332 
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Anthracite ooal, its combustion 891 

Arnott, Dr., his store described 278, 285 

Arohimedean screw, its power of ventilating 853 

Artificial fuel, composition of 411 

Ascending pipes may be smaller than descending 5o 

„ should pass to highest levels first 166 

Atkinson, Mr., early use of hot-water apparatus 5 

Atmospheric pressure, column of water equal to 19 

Azphyzia from impure air 300 

Bacon, Mr., earl^ use of hot- water oircolatioa 6 

Beaumont, Mr., lus method of flues 294 

Bends and elbows, effect of, in water pipes 83 

Bends sometimes advantageoos 165 

Bellows, ventilating, described 848, 352 

Bemhardt*s hot-air apparatus 208 

Biot, M., his experiments on sonorous bodies 27 

Boiler, description of what constitutes a good one . . 69, 81 

„ various forms described 71 

„ heated by gas described 73 

„ surface, calculation of its heating power 77 

„ surface, its proportion to the furnace ban 90 

„ pressure on, by increased height of pipe 20 

,, for hot water not liable to burst 21 

Boilers used in the Scotch distilleries 82 

„ effect of projections on their fire surface 83 

„ absorptive power of fire and water siurfaoes 84 

„ heated by gas 78 

„ of small capacity, effect of 74 

„ various methods of setting them 93 

Boiling point of water at different pressures 131 

Boiled water easily freezes 166 

Bonnemain, M., first used hot-water circulation 6 

Bottom heat in hothouses, remarks on 151 

Branch pipes, anv number may be used 21 

„ difficulty when heights var^ 57, 166 

Buildings, various, proper sizes of pipes K>r 68 

„ quantity of pipe required to heat 113,120 

„ tmie required to heat various . . .. .. 117 

„ early methods of heating 262 

Gafacitt of boilers, remarks on 74 

Carbon, quantitjr exhaled from the lungs 818 

Carbonic oxide, its eSect in furnaces 100, 881 

„ its dangerous effects 328 

Carbonic acid, its effects on respiration 314 

Carbonic acid gas, quantitv produced in combustion 388 

„ „ exhaled by respiration 311 

„ „ effect of breathins; 314 

„ „ . temperature at which it is formed 880 

„ „ its effect in preventing oombustion 889 

Carbonio oxide, heat of, in blast furnaces 409 

Carburetted hydrogen^ effect of breathing 327 

Cause of circulation in hot- water apparatus 10 

Cements for joints of pipes ^ 170 

Centigrade thermometer, its relative scale . . ' 219 

Ghabannes, Marquis, hot- water apparatus used by 6 

Chambers or vaults, loss of heat in 168 

Chimneys, rules for the size of 101 
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Clmrchei^ qimtitjof pipetobett 120 

„ ecoteofdnii^itsiii 341 

Chimnej eovlf, aedon H 405 

CUiiuieyai etdiett inircntioD of 266 

Cncnlation of vitcr known to the BflDSDs 6 

„ „ Telocity, how to be calcnUted 80 

„ „ allected by Tertical angles So 

M f9 obttnutioas to 36 

Cnvnlation, length of 46 

Cinmlation leretaed, cause of 45 

Cbciilationy how stopped by cocks and TalTca 68 

Cireolatian, how fegidated by dsterns 60 

Ginnilatioa of water, canae cif 10 

„ „ Telocity incieaiBed by height .. .. 18, 28 

Cizcuiation of liquids affected by light and aonnd 27 

„ of water, how increased in hot-water pipea 28» 35 

„ „ how to calciihite ita Telocity 31 

„ M when there are dipa in the pipea . . 39, 163 

„ M below bottom of boiler 43 

„ „ , is soffietimes l eveised 45 

„ „ through mpes, Icn^ of 46 

„ „ affected by alterations in aiae of pipea . . 55 

„ „ the motzTe power calculated 25 

Cistenis for regnlating the ciicnliStion 60 

,, expansion and sapply 49 

„ increasing circulatioa 43, 163 

Climate, its eflfoct on ungeTity 302 

Coal, its heating power estimated 103 

„ quantity required to warm any building 125 

„ quantity consumed in a steam apparatus 191 

„ i^uanti^ burned per square foot of furnace ban 90 

„ its cost compared to heating by gas 291 

„ its early use in England 368 

„ table of its analyses 871 

„ loss of effect by the escape of smoke 379 

„ heat produced by different qualities 390 

„ and coke, their relatiye heating powers 376 

Cockle-stoye, Sylyesters 201 

„ heating power of 204,283 

Cocks for stopping pipes, their sise 58 

Coke, its effect compared with coal 876 

Cold produced by rarefied air 245 

Colour, effect on radiation 225 

Combustion of fuel, effect of size of furnace bars 87 

„ temperature of actiye 384 

„ of smoke 375 

„ Dayy's experiments on 380,385 

„ depends on quantity of air admitted 100 

„ quantity of air required for combustion of coal 387 

Compression of water extremely small 21 

Con de nsed water in steam pipes, effect of 185 

,, yalyefor 197 

Conduction of heat, its proportion to radiation 217 

Conducting powers of water and air 237 

Conducting power of different substances 231 

Connection pipes, proper size of . . . . . . . . . . . . 54 

Consumption of ftiel in furnaces 87 

Cooling of heated surfaces, relatiye rate of 66 

Cooling, Telocity of, at high temperatures 223 
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Cooling experiments with iron pipes 67)264 

,, with glass 256 

„ power of wind 258 

„ of bodies in air and in yacuo 218 

Copper boilers injured by particular fuels 84, 892 

Copper, its strength affected bj heat . . 260 

CowIb for chimneys . . . . 406 

Cundy's fire-clay stove . . 281 

Currents of air, their effect on heating apparatus 169 

„ in liquids affected by li^ht and soimd 27 

„ in oBriform fluids, peculiar effect of 404 

CuUer's torch-stove 277 

Dalton, Dr., his experiments on vaporization . . . . . . . . 166 

Damp walls, their cooling effect 119 

Daniell, Professor, experiments on evaporation 242 

Davy, Sir H., ex^riments on combustion 380, 386 

Deaths, comparative, in different localities 302, 306 

Deposit in boilers from hard water 172 

Dew-point, mode of ascertaining 244,816 

„ its effect on health 308 

Descent of pipes below bottom of boiler 43 

Discharge of air from pipes 16, 47 

Dip-pipes, below doorways .164 

„ their depth estimated 39 

„ sometimes may be made smaller . . . • . . . . 164 

Dip in the pipes affects the circulation • 39 

Discharge of water through pipes, theory of 33 

Doorways, mode of passing under 89, 164 

Drains or trenches, for containing hot- water pipes 167 

Drainage, its effect on mortality 306 

Draughts in churches, cause of 341 

Dry air, its effect on health ^ . . 306 

Drying-rooms, quantity of pipe required for 122> 181 

„ moisture, how evaporated from 180 

„ necessity for ventilation 178 

Dumb plate, its use in furnaces . . ^ ^ . . . . 88 

Dutrocnet, M., his experiments on light and sound affecting circulation 

of water 27 

Dwelling-rooms, quantity of pipe required to heat . . . . . . 122 

Early method of using hot- water circulation 6, 162 

„ methods of wanning buildings 262 

Eclutein and Busby*s rotary float cimilator 146 

Effact of alterations in size of pipes 65 

Efflux of fluids affected by heat 247 

Elasticity of the air, its effect on conduction of heat 218 

Electric condition of the air, important effects of 323 

Elbows and bends, effect of in water pipes 33 

Elongation and expansion of pipes 60 

„ „ „ how oompensated 166 

Evaporation of water by highly-heated metds 76 

„ in drying-rooms 178 

„ its laws determined 166,242 

„ its velocity and quantity ascertained 179 

„ is produced at all temperatures 242 

Expansion and supply cisterns, size of 49 

Eicpansion of pipes .. ^ 60,166 

Experiments on cooling iron pipes 264 
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Experiments on cooling 232 

Explosion of Amott's stoyes 288 

FlLLiNO bodies, their velocity calculated 81 

Fans, mode of ventilating by 350 

fi power required to work ' 352 

Flues, early use of, by the Komans 261 

Flue and m surface of boilers, heating power of 77 

Fluids, conducting power of 196 

„ pressure of, the law explained 19 

Franklin's stove described 276,288 

Freezing of hot- water pipes, how prevented 174 

Friction of water through pipes . . 33, 52 

Furnaces, their construction 92 

„ temperature of 89 

„ consiune fuel proportional to air admitted 87 

„ bars, proper sue of . . 89 

„ bars, their form and depth 91 

„ bars, thin, their great durablility 91 

Fuel, Quantity burned on a square foot of bars 89 

„ snould not be too thick m furnaces 99 

„ economy of, affected by boiler surface 69 

„ artifidaJ, the composition of 411 

Gas boilers, cost of using them 73,291 

Gas stoves described 290 

Gaseous efflux, law of 8^6 

Gases, deleterious, their effect on animal life 327 

„ „ on vegetable lifb 382 

Gauges, various, for steam boilers 194 

Glass experiments on the rate of cooling 265 

Glass, cooling effect of, on air 108 

Glass rooft, efibct of Iheir angular elevation Ill 

Greenhouses, quantity of pipe required to heat 128 

Gratings for drains or trenches, size of 167 

Gumey's hot-air stove 206 

Halls, quantity of pipe required to heat . . 122 

Hard water not good for hot- water apparatus 172 

Hazard's hot-air apparatus 209 

Heat, radiant, its effect on boilers 82 

obtainable from coal 103 

its effect on the strength of iron 137 

structure of iron affected by 137 

loss of, by placing pipes in drains 167 

quantity necessary m various buildings 107, 120 

m steam and hot water, relative effect 63 

latent, contained in steam 63 

specific, estimate of .. 64 

absorption of,- affected by colour 226 

simple, how influenced by colour 227 

Melloni's experiments on 228 

latent 240 

affects the velocity of efflux 247 

conducting iK>wer of different substances 231 

spedflc, of different substances 238 

produced by condensed air 245 

increases the fluency of liquids 247 

its effect on the struoj^ of metals 248 

fiom human beings, its quantity estimated 120 
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Heat relator, Dr. Ure*8 286 

Heated bodies, how they become cooled 230 

Heated air, its effect on health 306 

Heating different Aoots, failure in 57, 166 

„ by gas, relative cost of 73 

„ buildings, early methods of 262 

High-pressure hot- water apparatus 132 

„ pipes, their temperature measured 134 

„ steam does not scald 140 

„ api>aratus worked by oil 144 

Hot- water apparatus, its permanence of temperature 63 

Hot iron, repulsion of, to water 75 

Hot-blast apparatus for heating and drying 213 

Hothouses, ^uanti^ of pi^ required to heat 123 

Hot- water circulation, ongin or its discovery 6 

„• • ' „ • cause of 10 

Hot-air stoves and cockles, their heating power 204 

„ flues, difficulty with horizontal 210 

Hot- water pipes, quantity of heat from 107 

Hot-air stoves, their construction . . . . . . 282 

Horizontal pipes at different levels, how supplied 56 

Human body, quantity of heat from 120 

Hydrogen gas, effect of breathing 327 

Hydraulic experiments referred to . . - 34 

Hypocaustum of the Romans 262 

Hydrogen gas, its heating power 876 

Hygrometic condition of air, its effect on health 305 

IiiPURB air its effect on human life 300 

Inclination of pipes not necessary 14 

„ glass roof, effect of . . . . . . . . Ill 

Inhabited rooms, quantity of pipe required to warm 122 

Iron at high temperatures repulses water 75 

„ its strength impaired . . 137, 248 

Iron, strain it will bear when cold . . . . . . . . 136 

„ change of structure produced by heat 137 

„ crystallization of . . . . . . . . . . 138 

„ wrought and cast, effect of oxidation on 175 

„ pipes, experiments on the rate of cooling 254 

„ its temperature ascertained by colour 134 

„ temperature of its greatest strength 137,249 

„ alteration in structure by heat 137 

„ table of cooling of 254,259 

JoiNTiNO pipes, cements for 170 

JeffipAv's stove described . . 275 

Joyce s charcoal stove . . 292 

Kbwlby's siphon principle of heating buildings .' . . . . . 127 

Latent heat of steam 63, 241 

Latent heat, laws of, and table of effects 240 

Lead paint, its effect on radiation . . . . 230, 264 

Lengtii of the circulation of water in pipes 46 

light, its effect on the circulation of water 27 

Liquids, their fluency increased by heat . . 247 

„ conducting power of 236 

Longevity relative of different localities 302 

Lobs of heat by water exposed in pipes 106 
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HAIK-PIPB8, proper size of 62 

„ difficulties when vertical 67 

HaterialB, strength of, affected by heat 248 

Metals, heated, effect in rroelling water 75 

„ conducting power for heat 231 

„ reflectiye power for heat 237 

Mechanical yentOation 347 

Moisture, its effect in lowering temperature 119 

„ theory of its eraporation 165 

,, deposited on windows, cause of 176 

Motive power of the circulation 26 

„ „ how increased 161 

Motiye power in a hot-water pipe 24 

Mortality relatiye, of diffsrent climates 302 

NoTT*s hot-air stoye 284 

0bb6Teai>*b experiments on the compression of water . . . . 21, 133 

Oil employed as a conductor of heat 144 

Oxygen, quantity consumed in respiration 311 

„ effects of deficiency of 313 

Oxidation of wrought and cast iron, different 176 

Ozone in the air, its effects on human body 826 

Patents for combustion of smoke 392 

Palmaise system of heating 296 

Permanence of temperature of hot- water apparatus 63 

Perkins's high-pressure hot- water apparatus 132 

Permanence of temperature 64, 66 

Pipes, how arranged to heat different floors 67 

„ small, sometimes used at dips 164 

„ great strain they will bear . . 136 

„ experiments on cooling . . 264 

„ vertical, relative size of . . . . . . . . . . . . 55 

„ discharge of water through 33 

„ connectmg size of .^ 64 

„ outlet and inlet, their number 68 

„ proper size for different buildings 68 

„ quantity required to heat any quantity of air 106 

„ small pressure on, by running water 20 

„ number of, does not alter the pressure ... 22 

„ which dip below horizontal line 23, 39, 164 

„ can descend below the bottom of boiler 43 

„ expansion longitudinal 60 

„ friction of water in 33, 62 
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